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PREFACE 

Every reader of the current literature on eingle-phase motors 

must feel an impression of the artificiality of the present methods of 

study, and their remoteness from all physical conceptions of what 

goes on in these machines. When reading these articles one 

feels oneself in a mathematical world, quite apart from reality, 

and cannot help entertaining a conviction that there must be some 

simpler way of putting the matter. The writer has himself 

. published articles of this artificial character, based on tine old 

J^ conceptions, but is obliged to admit that they are of very little 

^<. practical help to the engineer, and give very little insight ifito the 

^ phenomena really taking place. It is needless to say that a clear 

understanding of the phenomena is a necessary preliminary to 

improvements in practical application. 

It gradually became clear to the writer that a radically new 
departure was necessary, to eliminate, on the one hand, the com- 
plex analysis hitherto necessary, which quite prevents a clear 
grasp of the physical facts, and, on the other, to lead direct to the 
results the designer requires, without artificiality and circum- 
"v locution. We require a theory which can readily be reduced to 

(^ a numerical form, not one that merely gives us vague general 

ideas and complicated formulas. 

The present treatise is an attempt to supply this want. 
Whether successful or not, must be left to the reader. 

One may compare the state of affairs in single-phase motor 
work at the present day to the state of affairs in poly-phase motor 
work before the discovery of the circle diagram about 1895. 
Beading old articles on the subject, published before that 
date, one is surprised that a problem which we know to be fairly 
simple could be treated^ in so complicated and unnatural a way. 
All these old methods have now been swept away, and the action 
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viii PREFACE 

of the induction motor can now be explained in a clear and simple 
manner. 

It is the same with the single-phase motor, and it is believed 
that the methods of the present volume furnish a ground-work on 
which a clear and simple general theory may be built up so as to 
be inteUigible to any earnest reader. 

It has been found necessary, as will be seen in Chapter in., 
which contains the fundamental principles of the methods 
employed, to abandon the phase diagram and build up a new 
vector diagram, in which the directions of vectors represent 
directions in space and not in phase. The volume may, there- 
fore, present difficulties, owing not to the intrinsic complication 
of the subject, but to the novelty of the fundamental ideas. If, 
in writing on the subject of ordinary alternating current 
phenomena, it were necessary to assume the reader quite un- 
acquainted with the ordinary phase diagram, and to develop it 
with all accompanying ideas and conventions from first prin- 
ciples, the simplest investigations would take on an appearance 
of complexity which is really quite foreign to them. 

Yet this is what we have been obliged to do in the present 
volume, and any difficulties which the reader may find will 
probably be due, at least as much to unfamiliarity with the novel 
ideas involved, as to the real difficulties of the subject, which 
will be found sufficiently simple as soon as the reader has 
thoroughly grasped the principles of the methods which are used. 

The development of a new method of alternating current an alysis, 
independent of all others, with a suitable notation and conven- 
tions to accompany it, is no easy task, and has involved an amount 
of labour quite out of all proportion to the size of the volume. 
Yet, nevertheless, it may well be that points of difficulty still 
remain in the exposition, as well as unsolved problems. This is 
unavoidable in a new subject, and it is the author's hope that 
other writers may take the matter up and remove sozne of these 
difficulties. 

The present volume may be expected to be useful to two classes 
of reader : — 
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(1) To those professionally interested in the type of machine 
with which it deals. 

(2) To the advanced technical student and teacher. 

Many technical colleges are equipped with a good supply of 
single-phase motors, but these are almost useless, because a com- 
prehension of their action is quite outside the limits of an ordinary 
college course. By the methods given in the last chapter of the 
present volume, however, one may very readily plot curves of 
field distribution by direct experiment, without any knowledge of 
the theory of the subject, and, in this way, a very clear idea of their 
operation may be simply obtained. I have received material 
assistance in revising the proofs from my friends Messrs. F. M. 
Denton, B. T. Looser, and J. T. Irwin. I have also to thank 
the American Institute of Electrical Engineers for permission 
to reproduce a portion df my paper on the '* Shunt Induction 
Motor " appearing in their Transactions for 1909. 

F. Crbbdy. 
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SINGLE. PHASE 
COMMUTATOR MOTORS 



CHAPTER I 

THB CHIBF TTPES OF SINOLB-PHASB MOTOR 

In the present treatise an attempt will be made to present the 
theory of the single-phase, or what we shall learn, more generally, 
to term the elliptic-field motor in a manner sufficiently general 
and complete to enable the careful reader to calculate, with some 
approach to accuracy, both the characteristics of any such 
machine with varying load, and the distribution of current, flux, 
and E.M.F. within it. The number of possible variations of 
connection is unlimited, and, of course, only a few leading types 
can be treated of, but it is hoped that this may be done in such 
a way as to expose the principles, and place the reader in a 
position to calculate the characteristics of any connection which 
is proposed to him. The subject is relatively a difficult one and 
will always remain so. It is not, however, nearly so much so as 
one might suppose from certain articles appearing from time to 
time in the technical journals. 

Two types of single-phase commutator motor exist — the series 
and the shunt type — having characteristics somewhat analogous 
to series and shunt continuous-current motors. 

We shall first discuss the series type. In all single-phase 
motors two distinct problems arise : 

(1) What are the characteristics of the machine with varying 

load? 

(2) What distribution of current, fiux, and E.M.F. exists in 

it at each speed ? 
The user requires an answer to the first, and the designer to 
the second question. 

M. B 



2 SINGLE-PHASE COMMUTATOR MOTORS 

The first question has been very exhaustively discussed by a 
multitude of writers and accordingly we shall treat it rather 
briefly, giving references to other writers for fuller treatment, and 
devoting ourselves chiefly to the second question, which has been 
much less discussed. 

Diagrammatic Notation for the Circuits and Connections of a 
Dynamo-Electric Machine. 

During the last ten years or so, dating, I believe, from Atkin- 
son's famous paper, a diagrammatic method which we shall 
frequently have occasion to employ, has grown up for indicating 
the connections of dynamo-electric machines. In this notation a 
zig-zag line is used to represent a stator winding haying the axis 
shown dotted. We shall assume this winding harmonically dis- 
tributed. A circle is used to represent a rotor and its winding 





Fig. 1. 



Fio. 2. 



connected to a commutator, while small rectangles on the circum- 
ference of the circle represent the brushes. Any current flowing 
through the brushes is assumed to produce a magnetomotive 
force along the line joining them, shown dotted. Thus the diagram 
(Fig. 1) is that of a simple series motor, without neutralizing 
coiL 

The neutralized series motor will be as shown in the next 
figure (Fig. 2). 

The series-type motor takes five principal forms ; 



THE CHIEF TYPES OP SINGLE-PHASE MOTOR 8 




(1) The Neutralized Series Motor, 

The neutralised series motor (Fig. 2) consists of a field wind- 
ing F placed upon the stator and connected in series with a com- 
mutator armature A, and a neutralizing coil N also wound on the 
stator, and so connected that its M.M.F. is as nearly as possible 
equal and opposite to that of the arma- 
ture, and hence the two together are very 
nearly non-inductive. The neutralizing 
coil, if short-circuited upon itself will be 
almost as effective. 

In connection with the series type 
motor, it will be desirable to discuss the 
effects of the commutating coil at starting 
on the characteristics of the machine, 
since they are more important in this 
type, perhaps, than in any other. We 
may regard the commutating coil as c^ 
short-circuited secondary to the coil F,' 
of high resistance and negligible loeal self-induction (see Fig. 4). 

Eeducing this by the transformer diagram (Fig. 6) given 
on p. 4 we get Fig. 5, which is a repulsion motor, in which the 




Fig. 3. 





Fig. 4. 



Fig. 6. 



high resistance r merely shunts a portion of the winding F, which 
corresponds to the exciting impedance Zq in the transformer 
diagram, while the unshunted portion corresponds to the primary 

b2 



4 SINGLE-PHASE COMMUTATOR MOTORS 

leakage impedance Zi. For practical purposes, however, we may 
assume that the resistance r shunts the whole of the winding F, 
whence we derive the following important rule : 

Tht efect of the c(yrrmmtating coil at starting on the characteristics 
of the single-phase series type motor may be represented by that of 
a nearly non-inductive resistance shunting the winding which prod/uces 
the flux in which the commutating coils lie. 

A more elaborate treatment (Chap. IX.) is required for running 
conditions. 

(2) The Induced Series Motor. 

This machine (Fig. 7) consists of the same three elements A, 
F and N, as the neutralized series motor, but here N is joined 
across the line, while F is connected directly in series with A, the 
two being closed on themselves. By this means we make the 
rotor voltage independent of the line voltage. 




L 

Fio. 6. 

The machine has practically the same load characteristics as 
the neutralized series motor, although the internal flux distribu- 
tion, etc., is entirely different. For the purpose of studying the 
load characteristics we shall make use of the well-known reduction 
of the transformer to a divided circuit, due, I believe, to Steinmetz 
(see Fig. 6). 

The object of this reduction is to show how the effects of 
resistance and leakage in the transformer on the primary and 
secondary currents and on the secondary E.M.F. may be 
represented by a number of impedances suitably connected as 
shown in Fig. 6. 

We may define Z» the impedance of a circuit, as the voltage 
across it, due to unit current in it. Defining Z in this way, in 
Fig. 6 Z is the voltage in the primary due to the resistance and 
the leakage flux combined, when unit current flows through it. 
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Zx is the same voltage when unit current flows through the 
secondary, and Zo is the voltage due to the main flux. 
With these definitions, we may state the following theorem. 

Tlxe current flowing into the pmnary of the one-one ratio trans- 
former A (Fig. 6), the current flotving out of the secondary and the 
secondary E.M.F. will he identical with the cwrrent flx)wing into the 
divided circuit B (on the left), the current flowing out (on the right) 
and the voltage between lines (on the right). 

This is true under any condition of load. The divided circuit 
B is made up of three impedance coils giving voltages Z, Zi and 
Zo respectively when traversed by imit current. 

Applying this to the induced series motor, we get Fig. 6, which 
is identical with the neutralized series motor save that the impe- 
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FiG. 7. 



Fig. 8. 



dance Zo is connected in series with the neutralizing coil across 
the line. It is convenient to represent this impedance Zq as a 
shunt coil wound upon the stator and producing identically the 
same flux as that due to the transformer or primary coil of the 
original motor. Thus by making use of this reduction of the 
transformer we show that to every inductive type of motor there 
corresponds a conductive type having, not approximately but 
exactly, the same characteristics, and the same flux distribution. 
Hence, in addition to the main current, the neutralizing coil 
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E 
carries an extra magnetizing current ^ — r^ and the E.M.F. 

across the armature is accordingly somewhat less. 

In addition to the main current corresponding to any load, 
which will be substantially the same as in the neutralized series 
motor, this machine takes a wattless magnetizing current, to 
excite the flux parallel to the brush line, which is required since 
the armature E.M.F. is induced rather than conducted in. 

The power factor is hence somewhat less than that of the 
neutralized series motor. 



(3) The Repulsion Motor. 




nm^ 
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Fig. 9. 



Fig. 10. 



The repulsion motor may be regarded as another modification 
of the neutralized series motor formed by connecting the three 
elements A, F, and N in a third way. In this machine (Fig. 9) 
N is connected in series with F, and A is short-circuited. 

Applying our transformer diagram as before, we get the equiva- 
lent conductive diagram of Fig. 10, in which the impedance Zo 
appears shunting the armature. 

The field current is now no longer the same as the armature 
current, and will not be in phase with it. 
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(4) The Inverted Repubion Motor. 

The inverted repulsion motor is constructed in exactly the same 
manner as the ordinary repulsion motor, save that the line termi- 
nals are connected across the rotor while the stator is short- 
circuited as in Fig. 11. 
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Fio. 11. 



Fio. 12. 



Seducing this by the transformer diagram (Fig. 6) as before, 
we see that the auxiliary impedance coil Zo is now placed in shunt 
to F and N ; the machine, of course, being otherwise the same as 
the neutralized series motor. 

(5) The Compensated Repuhion Motor. 





Fio. 13. 



Fig. 14. 
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This type of machine is constructed as shown in Fig. 13. It 
bears four sets of brushes on the commutator per pair of poles, 
of which one pair is short-circuited and the other pair connected 
in series with the stator winding which is perpendicular to their 
axis, that is, parallel to the axis of the short-circuited brushes. 
If we compare this with the ordinary repulsion motor (Fig. 9), 
we see that it differs therefrom only in that the field winding 
F, instead of being on the stator, is on the rotor. 

We may reduce this by the transformer diagram exactly as 
before, obtaining Fig. 14. 

Shunt-Type Machines. 





Fio. 15. 



Fio. 16. 



The shunt-type machines introduce a new element — the 
method of exciting the shunt field. 

The ordinary shunt motor built with the armature and field in 
parallel is useless on alternating current, because the field fiux 
lags 90^ behind the E.M.F., while the armature current tends to 
come into phase with the E.M.F. and hence go out of phase with 
the fiux as the speed rises. To prevent this phase displacement, 
which would destroy the torque, it is necessary to excite the field 
by means of an E.M.F. leading 90^ on that applied to the 
armature. The method by which this is done without introducing 
another phase, invented by L. B. Atkinson, constitutes the 
principal peculiarity of the shunt-type motor. 

Consider a commutator type armature (Fig. 15), fitted with a 
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pair of short-circuited brashes and revolving in a field excited by 
a coil whose axis is perpendicular to that of the rotor circuit. 
If the E.M.F. applied to this coil be Eo, the flux due to it will, of 
course, lag 90° behind the E.M.F. producing it. Owing to the 
rotation of the rotor in this flux, an E.M.F. will be induced in the 
rotor circuit, exactly as in a continuous-current machine, in phase 
with this flux and consequently in quadrature with the E.M.F. 
applied to the stator circuit. The rotor E.M.F. in its turn, excites 
a flux at right angles in space to that due to the stator circuit and 
lagging 90^ behind the E.M.F. to which it is due. This rotor 
flux, therefore, is in phase with the terminal E.M.F. 

It is by this device that the difficulty of obtaining a field flux 
in phase with the terminal E.M.F. is met, and it will be found 
that all single-phase shunt motors embody it^ 

The field flux, of course, is not constant as in the continuous- 
current shunt motor, but directly proportional to the speed, and is 
zero at standstill. Thus, single-phase shunt-type motors have 
little or no starting torque and have to be started as series-type 
motors. They are differentiated from the series-type motor by 
the fact that the flux is independent of the load, and hence they 
have constant speed characteristics, like the continuous-current 
shunt motor, though they differ from it so considerably in 
construction. 

Before discussing the relations between the inductive and con- 
ductive types of shunt motor it will be desirable to give a brief 
description of some of the principal types. 

All practical machines of this class are developments of the 
machine shown in Fig. 16, usually known as the Atkinson 
commutator induction motor. This consists of a slotted stator, or 
primary, with a uniform air-gap all round, equipped with a single 
distributed single-phase winding, and a drum-wound rotor fitted 
with a commutator, as in a direct-current machine. On the com- 
mutator rest four brushes, or groups of brushes (in a two-pole 
machine) ; the axis of one pair of brushes usually lies parallel 
to that of the primary winding and that of the other perpendi- 
cular thereto, but this position is not essential. Let us repeat 
the explanation given above of the action of this motor in slightly 
different words. At standstill the primary coil merely induces a 
current on the TY axis (Fig. 16), and hence there is no starting 
torque. But as the motor speeds up, a current is induced along 
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the XX axis which produces a flux along that axis. This current 
and the flux it produces are nearly in phase with the impressed 
E.M.F. and hence in quadrature with the flux along YT. There- 
fore, the flux along YY (the primary flux) can produce no torque in 
combination with the current along XX. In the neighbourhood 
of synchronism, however, the current along YY, or the load 
current, is nearly in phase with the flux along XX ; hence there 
will be a torque due to these two in combination. 

The flux along XX may properly be regarded as the '' field " 
flux of the motor, since it is the flux to which the torque is due. 
Similarly the current along YY may be regarded as the armature 
current, since it has the same functions as this current in a 
direct-current machine, although, of course, it is induced from 
the stator, instead of being led directly in as in the continuous- 
current motor. 

The E.M.F. on the XX axis is due to the movement of 
the rotor conductors through the primary flux, or flux inter- 
linking the primary circuit. It is, therefore, directly proportional 
to the speed. The flux along the XX axis, which is determined 
by this E.M.F. in the same manner that the primary flux is 
determined by the primary E.M.F., is therefore also directly 
proportional to the speed. 

Such a motor reaches its limiting speed when the counter 
E.M.F., which may be represented by Eg, induced by the field 
flux (the flux along the axis XX) in the armature circuit along 
the axis YY, balances the E.M.F. E induced therein by the 
primary flux; or, more exactly, when the vector difference, 
E — Ea, between these two is in quadrature with Eg, the counter 
E.M.F. This condition is the same as that. which limits the 
speed of the direct-current shunt-wound motor. Hence it 
would seem that the same methods which are available for 
varying the speed of the latter should be available here. There 
are two of these methods : (1) variable voltage control and 
(2) adjustable field excitation. To apply the first method to the 
single-phase induction motor we have merely to feed an extra 
voltage from the line into the YY axis, say, by means of a 
transformer, as shown in Fig. 17, thereby increasing E. In 
order that the increased E.M.F. E may be balanced by Eg, the 
motor must clearly run at a higher speed. 

It might be thought at first sight that in order to increase E, 
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it is merely necessary to increase the primary flux, say, by 
increasing the primary impressed E.M.F. This, however, is a 
fallacy, because the counter E.M.F. Ea is due to the rotation of 
the armature in the primary field and is therefore proportional 
to that field. Hence any variation of the primary field simply 
varies E and Es in the same proportion, and the speed 
consequently remains the same. One may also remark that 
the secondary field flux becomes effectively equal to the primary 
flux at synchronous speed, and hence Ea is effectively equal to 
E at that speed, which is practically the free running speed of 
the normal motor. 
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Fio. 17. 



Inductance 
Fig. 18. 



A second method is to weaken or strengthen the field along the 
XX axis by inserting an inductance or a capacity in the XX circuit, 
as shown in Fig. 18. An inductance tends to raise the speed and 
a capacity to lower it. This method is precisely analogous to the 
speed variation of shunt-wound direct-current motors by field 
control, except that inductance .or capacity must be used 
instead of resistance. , The cause of this is that the circuit XX 
is an almost purely inductive one, and consequently the magne- 
tizing current which flows in it lags practically 90^ behind 
the E.M.F. which produces it. It is not desired to alter the 
phase of this current, or of the flux it produces; hence in 
order to weaken it an inductance is inserted in the XX circuit. 
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and to strengthen it, a capacity. The use of resistance would 
tend to change the phase of the flux and impair the torque. 

There is a third method which has no precise analogue in 
direct-current work. Clearly the flux necessary to balance the 
E.M.F. El induced in the XX axis depends on the number of 
turns in the XX circuit. Hence if a coil be put on the stator 
with its axis parallel to the XX axis, and connected in series 
with the XX brushes (see Fig. 19), it will either strengthen 
or weaken the flux along the XX axis, according as the M.M.F. 
of this coil opposes or assists the rotor ampere-turns. 





Fig. 19. 




Fio. 20. 



These three methods of speed variation are the only radically 
distinct methods which may be applied to the single-phase 
induction motor pure and simple. 

By applying the transformer diagram in the same way as we 
did to the series motor, we can derive a set of shunt-conduction 
motors akin to the series-conduction motors we discussed above. 
For instance, applying our transformer diagram to the simple 
Atkinson commutator-induction motor of Fig. 16, we get Fig. 20, 
the shunt-commutator conduction motor. 

These two machines are, from a theoretical standpoint, iden- 
tical. They differ only construction ally. By feeding an auxiliary 
voltage into the armature, as in Fig. 21, without varying that 
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across the shunt coil, we can clearly vary the speed of the motor 
on just the same principle as that applied to the shunt-induction 
motor of Fig. 17. The other two methods of speed variation can 
clearly be applied to the conduction motor in their original 
forms. 

Most of the practical forms of shunt-commutator motor make 
use of phase compensation. This will be discussed more fully 
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Pig. 21. 



Fio. 22. 



later on, but in the meantime it will be as well to give a diagram 
of the compensated shupt-induction motor. This is given in 
Fig. 22. It will be seen that this motor is the same as the 
Atkinson commutator-induction motor save that a voltage in 
phase with the terminal voltage is introduced into the pair of 
brushes at right angles to the primary axis. 



CHAPTER II 

OHARA.CTBBISTIGS OF SEBIEB TYPE MOTOBS 

We shall now attempt to answer the question, What are the 
characteristics of the different machines with varying load ? 

This question has been studied by a great number of writers, 
and has been fully worked out for most of the types of machine 
mentioned above. We shall not, therefore, devote a great deal of 
space to it, but merely give such a general discussion as may 
serve for all types. The method usually adopted in discussing 
this question has been the following : 

We formulate a set of equations involving A;, the speed, as 
independent variable, expressing the action of the motor. These 
equations are derived from the fundamental laws of the electric 
circuit. From them we derive an equation giving us the locus of 
the vector representing the current supplied to the motor, as 
the speed varies, the E.M.F. being assumed constant in 
magnitude and phase. 

It is often possible, after this curve has been obtained, to derive 
from it constructions whereby the speed, torque, output, etc., of 
the machine under consideration may be obtained by a linear 
geometrical construction. 

The locus of the current-vector is usually, though not always, 
a circle. Hence this method of study is often called the method 
of the circle diagram. While, of course, the final diagram is the 
same, or similar, in all cases, the method of deduction varies very 
widely among different authors. The present writer has usually 
found the '' symbolic " methods of Steinmetz by far the most 
convenient, and they will accordingly be used in the present 
chapter where necessary. However, a great deal can be done 
without them. 

The first and most important thing which we have to notice is 
that the relation between current and E.M.F. in the electric 
circuit is linear j that is, if the circuit constants or conditions are 
not changing, every current consumes an E.M.F. proportional to 
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itself. This is expressed algebraically by the impedance equation 
or generaUzed Ohm's law 

e = iz (1) 

z being called the impedance, a function of the circuit conditions 
alone. 

It has been shown by Steinmetz that where e and i are simple 
harmonic functions of the time they may be represented, 
together with z, by ordinary complex quantities in the above 
equation, when it will express not only the magnitude but the 
phase relations also. 

It follows from this equation that if i is constant and z varies, 
e will be directly proportional to z. Conversely, if z varies and 

e is constant, i = -- will be inversely proportional to z. Hence, 

in the case of any electric circuit in which the circuit conditions 
are changing and z, therefore, varying, we may draw two curves, 
one representing the variation of e on the hypothesis that i is 
constant, and the other that of i, on the hypothesis that e is 
constant. These curves will be reciprocal to one another. We 
shall make use of these facts in deducing our locus diagrams. 

The Single-Phase Series Motor. 

A7 S p> 




cimr 



. 

Pig. 23. 



Let us consider the E.M.P. diagram in this machine when we 
keep the current constant and vary the speed, the machine 
running as a motor. At starting, the E.M.P.'s are as follows : 

(1) Opposite in phase with the current, it the resistance 
E.M.P. or MS in Pig. 23. 

(2) in quadrature therewith, iLp the E.M.P. of self-induction 
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(where L is the co-efficient of self-induction of the whole machine 
and p = 2ir X frequency) or OM in the diagram. OS is therefore 
the resultant back EMF produced by the current equal and 
opposite to the terminal E.M.F. 

When the machine begins to run we get an additional counter 
E.M.P. SP, opposite in phase with the current and proportional 
to the speed, acting like an additional ir drop. The E.M.F. of 
self-induction remains invariable, of course. The locus of the 
E.M.F. vector is therefore a straight line parallel to that chosen 
for the current. If we reverse the motor, of course making it 
a generator, the counter E.M.F. becomes opposite in sign to the 
resistance drop, and at a certain speed cancels it, leaving nothing 
but the E.M.F. of self-induction, OM which is perpendicular to 
the locus of the E.M.F. vector. At this speed, current and 
E.M.F. are exactly in quadrature. Now, as we noted above, 
in order to find the locus of the current vector for a constant 
E.M.F. all that is necessary is to take the reciprocal of the 
vectors to the E.M.F. locus. We may note in passing that if 
OS be the E.M.F. vector at zero speed, and OP that at any 
other speed, then SP is directly proportional to the speed and 
the line SP can accordingly be calibrated in terms of the speed. 

If we take the reciprocals of all such vectors as OP they will 
lie in a circle, as is well known geometrically. Hence — 

In the singU-phase series motor the locus of the current vector 
is a circle, 

. /If Locus of EMF vector 




We must now determine what is the phase of our current 
vector relative to the (constant) E.M.F. as it moves on its circle. 
To ascertain this, consider the point M on the E.M.F. locus (Fig. 24) 
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where the E.M.F. of self-induction is the only one left in the cir- 
cuit. Corresponding to this we now have ON = ^yr?. Since at 

this speed current and E.M.F. are exactly in quadrature, and ON 
now represents the current at the speed in question, it follows 
that the E.M.F. of self-induction, which is now equal and opposite 
to the terminal E.M.F., must be represented by OE, lagging 90^ 
on ON. The terminal E.M.F., of course, is OEq opposite to OE. 
In order to ascertain what speed corresponds to a given current 
OQ all that is necessary is to extend the current vector OQ till it 
cuts the caUbrated E.M.F. locus in P. Then SP, as we saw above, 
is a measure of the speed. 

The torque, of course, in the ideal motor which we are con- 
sidering, in which saturation is avoided, is proportional to the 
square of the current, or OQ^. Hence all the essential quantities 
which we desire to study are portrayed in the diagram. 

By the use of various geometrical devices the representation of 
such quantities as the efficiency, output, etc., may be effected in a 
simple manner. We shall not stop to discuss these, but merely 
give references for their deduction.* 

The Repulsion Hotor. 

We have seen that the repulsion motor is equivalent to a 
neutralized series motor with a shunt coil connected across the 
armature. Its diagram, therefore, will be similar to that of the 
series motor. First, let us assume the line or field-current 
constant. At starting, OS will be the E.M.F. corresponding to 
the constant current L This may be calculated in the ordinary 
way by the principles of the divided circuit. As the machine 
speeds up a counter E.M.F. SP (Fig. 23), opposite in phase to 
the current, and proportional to the speed, appears, and hence the 
E.M.F. locus is again a straight line parallel to 01, as in the 
series motor. If the machine is driven in the opposite direction 
as a generator, we again reach a point OM where current and 
terminal voltage are exactly in quadrature. 

Thus the E.M.F. locus for constant current is identical with 
that of the neutralized series motor, and we can derive the 
current locus, and the construction for determining the speed, 

* F. Greedy. " The Alternating Current Series Motor.'* Journal I.E.E., 
1905. 

M. 
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from the above diagram by exactly the same argument as that 
used in the series motor, and in fact the two diagrams are 
identically the same. 

To obtain the secondary current, it will be convenient to 
proceed algebraically, as this seems to be the best way of 
discussing a divided circuit. 

Consider the circuit passing through the field coil F, the 
neutralizing coil N, and the shunt coil S. 

Let z be the impedance of the field and neutralizing coils, and 
zo that of the shunt coil. 




Fig. 25. 

The current in F is i, tbat in S io, and that in A ii. 

Then io + ij = i or io = i — ii. 

Equating the E.M.F.'s in the circuit including the shunt to zero 

eo — iz — ioZo = 0. 
Substituting, we get 

eo — iz — (i — ii)zo = 0, 
or eo — i(zo + z) + iiZo = 0. 

Transposing, 

4 ®o _. . Zo 

Zo + Z Zo + z 
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This eqaation asserts that the secondary current ii, multiplied 

by a constant — r — > is equal to the vector difference between i 
•^ Zo + z' ^ 

On 

and the fixed current ,- , which is the current which would 

Zo+Z 

flow if the rotor circuit were entirely open. 

Beferring to our diagram, the equation is interpreted as 
follows : 

We saw above that the line current i, moved on a circle 
identical with that on which the current in the neutralized series 
motor moves. 

In this diagram (Fig. 26) we may represent the current -^ 

Zo + z 

by the vector ON. If OP represents the line current, then the 
above equation shows that NP will be proportional to the 
armature current. 

TorqiLe of the Repulsion Motor. 

The armature current in the repulsion motor is no longer in 
phase with the flux as it is in the series motor, and hence the 
torque construction is different. 

The torque is proportional to the mean product of flux by 
armature current. The flux is proportional to the primary 
current, hence the torque will be proportional to the product of 
the secondary current into the component of the primary along 
it, that is, to NP.PQ in the diagram, where PQ is the projection 
of OP on NP. Since the angle OQN is always a right angle, it 
follows that the point Q describes a semicircle on ON as OP 
varies. This fact gives us our most convenient means of 
locating Q, which may be defined as the intersection of NP and 
the semicircle. 

It will be noted that the semicircle OQN intersects the current 
circle at a certain point. At this point the flux is in quad- 
rature with the field current, and hence the torque is zero, and 
the machine cannot rise above the corresponding speed. This 
is a characteristic pecuUarity of the repulsion motor, which is 
the only one of the machines discussed here which will not '' run 
away " on no load. 

g2 



20 



SINGLE.PHASE COMMUTATOR MOTORS 



The Inverted Repulsion Motor. 

The inverted repulsion motor, as we saw above, is equivalent 
to a single-phase series motor with the shunt-coil connected 
across the neutralizing and field circuits in series. 

In this machine the line current, after passing through the 
armature, divides into two, part passing through the shunt-coil 
and part through the neutralizing and field coils. As the im- 
pedances of these two paths are both constant and independent 
of the load, the current divides in invariable ratio between them, 
and hence the field current, though no longer equal to the line 
current nor even, necessarily, in phase with it, is accurately 
proportional to it. In fact, the shunt-coil S simply performs 
the function of an inductive shunt, such as is used in wattmeters 
or other measuring instruments. 

The diagram, therefore, is identical with that of the series 
motor, with an appropriate change of scale to take account of the 
effect of the shunt, and so we need not stop to discuss it afresh. 

The Induced Series Motor. 

The induced series motor, as we saw, was equivalent to an 
ordinary series motor in which the coil S is joined in series with 
the neutralizing coil across the line. Practically, the sole effect 
of this is to cause the motor to take a constant magnetizing 
current in addition to its armature or load current. 




FiG« 26, 

The diagram of this machine is identical with that of the series 
motor in all other respects, and all the arguments which we 
applied to the [series motor are also applicable here. The 
presence of this magnetizing current, however, moves the circle 
away from the origin by a length ON equal to that of the 
magnetizing current vector. Hence the diagram takes the form 
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of Fig. 26, in which the circle, unlike that of all the other series 
type motors, does not pass through the origin. In this diagram 
OP represents the primary and NP the secondary current while 
SP is proportional to the speed as before. 



The Compensated Repulsion Motor. 

The compensated repulsion motor is, as we saw, identical with 
the ordinary repulsion motor, save that the coil which excites 
the motor field is now on the rotor instead of the stator. This 
modifies the performance diagram very materially. 





Fig. 28. 

First, consider the constant current diagram. This will be the 
same as that of the repulsion motor, save that the flux due to 
the shunt-coil Zo now induces an E.M.F. of rotation in the field 
circuit XX. 

At starting, then, we take OS (Fig. 27) as the E.M.F. corre- 
sponding to the constant current i, just as in the repulsion motor. 
The E.M.F. across YY is now almost zero, being only that 
corresponding to its resistance and inductance drops. 

The flux in the shunt-coil is therefore very small. 

As we speed up, the current remaining, constant, an E.M.F. 
directly proportional to the speed and in phase with the current 
is induced in the YY axis just as in the repulsion motor. This 
we set off in our diagram as SP just as before. 

The E.M.F. across the armature, however, excites a flux pro- 
portional to and in quadrature with itself in the shunt-coil Zo and 
this flux produces an E.M,F. in phase with itself, that is, in 



22 SINGLE-PHASE COMMUTATOE MOTOES 

quadrature with SP in the circuit through the XX brushes. Let 
us set this off as PQ. 

PQ is proportional to k times SP, which is itself proportional 
to the speed. Hence PQ is proportional to the square of the 
speed. 

The locus, therefore, of the E.M.F. vector as we vary the speed 
is now not a straight line but a curve of the second order — in 
fact, a parabola. 

The projection of the point Q, the extremity of the E.M.F. 
vector, on a line SP parallel to the current vector, is still 
proportional to the speed, and when we reverse the motor we 
again reach a speed at which the E.M.F. vector OM is exactly in 
quadrature with 01. 

Taking the reciprocals of all such vectors as OQ we get the locus 
of the current vector for constant E.M.F. , which is now no longer 
a circle but a quartic curve (see Fig. 28) of the same general 
type as the cardioide. Since the parabola is a curve which goes 
to infinity at one point, it is clear that its reciprocal must pass 
through the origin. 

Summary. 

The brief sketch given above will serve to show how we may 
answer the question, What are the characteristics of this type of 
machine with varying speed ? 

A quite similar set of diagrams may be constructed for the 
shunt-type motors, and these have, likewise been developed by a 
number of authors. * It is not proposed to discuss these here, as 
it will probably prove more profitable to devote our space to the 
second of the questions propounded in Chapter. I. 

A list of references to articles on the single-phase motor will 
be found below. 

LIST OF BEFEEENOES. 

Books. 

Funga : " Single Phase Commutator Motors " (Whittaker). 
Gk)ldschmidt : " Alternating Current Commutator Motors " {Electrician), 
Wilson and Lydall: " Electric Traction " (Vol. 2) (Arnold). 
Arnold and La Cour : ** Die Wechselstromtechnik " ; Vol. 5 : " Die 

♦ F. Creedy. " The Shunt Induction Motor." Trans. Amer. I. E. E., 
1909, 
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Asynchronen Wediselstrommaschinen " ; Part 2 : '' Die Wechselstrom 
Kommutatormaschinen " (Julius Springer). 
Dyhr ; " Der Emphasen Motoren " (Julius Springer). 

Abtigles. 

An enormous number of articles have appeared on the subject since 1902, 
chiefly in the Continental electrotechnical journals, such as the Electro^ 
technuche Zeitachrift and VEdairage Electrique. It would be impossible to 
give references to each of these but some of the articles by the following 
prominent workers are of special interest : — 

Blondel, fiethenod, Latour, Osnos, firagstad, Fraenckel, La Courf 
Eichberg, Schnitzler, Bichter, Behn-Eschenberg. 

Practically the whole of these articles and books deal either with the 
vector-diagrams, on lines more or less similar to the brief rSawmS of the 
present chapter, or with the design, but many of the articles on " design " 
give analyses of existing designs, in which the quantities to be determined 
by the designer are given in advance, rather than information as to how 
these quantities may be determined. M. Bethenod was perhaps the earliest 
to give a full theoretical treatment of the shunt type motors. 



CHAPTER m 

FLUX AND OURBENT DISTBIBUTION IN ALTEBNATINa OUBBENT 

MOTOBS 

We shall now endeavour to investigate the flux distribution 
within such an alternating current motor. It has been known 
for a long time that in general the field distribution of an 
alternating current motor was elliptical in form, if we assume 
that the windings are harmonically distributed. The simple 
alternating field, such as is found in the single-phase series 
motor, and the purely rotating field, such as we find in the 
induction motor, are simply special cases of the elliptical field. 

It has been believed hitherto, however, that it was impossible 
to treat of an elliptically distributed field directly, but that before 
it could be advantageously dealt with it must be analysed either 
into two oppositely rotating fields or into two component fields 
along axes fixed in space. 

This belief, however, is entirely without foundation, and the 
result of resolving an elliptical field into components is simply 
to build up an artificial scaffolding round the actual occurrences, 
through which it is often quite difficult to catch even a glimpse 
of what really goes on. 

In the present investigation, wherever ^e come across an 
elliptical distribution of current, electromotive force, or magnetic 
flux, we shall treat it as such without any attempt to reduce it to 
so-called simpler components. 

Fundamental Assumptions, 

In order to assist us in our investigations of first principles, 
the following fundamental assumptions will be made and rigidly 
adhered to : — 

(1) All periodically varying quantities will be assumed to vary 

in strict accordance with a «ine law in time. 

(2) All windings will be assumed to be harmonically distributed 

around the periphery of the machine. 
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Ttie effect of departures from these assumptions may be 
investigated later. 
Before we can endeavour to discuss any specific type of machine. 




Fia, 29. 




Fig. 30. 



it will be necessary for us to investigate the nature and properties 
of the elliptical field and also to know a little of the geometry of 
the ellipse. 
The treatment which we shall adopt will be almost exclusively 
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graphical. We shall find it necessary, in the first place, to 
abandon the ordinary phase diagram, in \7hich the angle between 
two vectors represents the phase difference between them. In 
the diagram which we shall draw the angle between two vectors 
will represent the angle between them in' space, not in phase. 

Our investigations deal with electrical machinery, composed of 
a slotted stator with uniform air-gap all round and a rotor of a 
similar type- Upon the stator are any number of windings 
variously connected, and the same upon the rotor. 

It is assumed, as stated above, that all these windings are 
harmonically distributed. For instance, if Fig. 29 represents 
such a stator bearing a certain harmonically distributed winding 
and Fig. 30 represents the same developed, then a current flow- 
ing through such a winding produces a magnetomotive force 
which is represented in rectangular co-ordinates in Fig. SO, and 
in polar co-ordinates in Fig. 29. Clearly, such a magneto- 
motive force may be completely represented by a vector whose 
direction is that of the axis of the coil and whose magnitude 
represents, to some convenient scale, the total magnetomotive 
force due to the coil. 

For, given such a vector, we should know how to wind our coil 
so as to produce the required distribution of magnetomotive 
force, and when it was wound with any desired number of turns 
what current to put through it to get the desired intensity. 

It should be particularly noted that this vector represents a 
constant magnetomotive force and therefore has a radically dif- 
ferent meaning from the vector of the phase diagram which is 
quite incapable of representing a constant quantity. 

If such a vector should be variable in magnitude we represent 
its variation by varying the length. 

If it should be harmonically variable, the length of the vector 
may be taken to represent its maximum value. If, then, we can 
represent its phase also, we can clearly make our vector a com- 
plete representative of such a magnetomotive force. This can 
easily be done by drawing our vector having a certain direction — 
that of the axis of the coil to which it is due — a certain length 
representing the maximum magnetomotive force in the coil and 
making a mark on it, say, an arrow-head, showing the magnitude 
of the quantity at some particular time, say, time 0, and also 
whether it is rising or falling. Si^ch a vector is represented at 
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OA in Pig. 31. Prom this information we may very easily 
derive the value of the quantity at any other time. 

Draw a circle of radius OA and centre 0. Project the point B, 
indicated by the arrow-head, upon the circle and draw the radius 
GO, such that its projection on OA is OB. The direction of the 
arrow-head shows that OB is falling. Hence the du*ection of 
rotation of OG is as shown, and its speed of rotation may be cal- 
culated from the frequency, supposed to be known. At any 
given instant, then, the projection of OG on OA gives the value of 
the magnetomotive force. We may, in fact, regard the vector 
OA, with its phase-arrow, as we may call it, as an edge view of 
the circle which we draw when we wish to find the phase angle. 




!■ 




— s — ^ 

cftrectton of ^rrotf F 

Fig. 31. 

The plane in which the vector OA is drawn is that perpendi- 
cular to the shaft of the machine under study. We may regard 
the circle of Pig. 81 as being perpendicular to the plane in which 
OA lies and, therefore, as being in one of the planes passing 
through the shaft. Looking in the direction of tlie shaft or 
arrow P (Pig. 81), we shall see a mere straight line, the vector 
OA, an edge view of our circle. 

We shall find this conception occasionally useful, though not 
essential, as we proceed. 

We may note that such a vector as OA, with its phase-arrow, 
requires three independent quantities to specify it completely : 
(1) the direction of OA ; (2) the length of OA ; and (3) the 
length of OB, or equivalent information. Whereas, of course, 
the ordinary vector of the phase diagram requires but two. 
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At any given instant such vectors may be compounded by the 
regular rules of vector addition, as may easily be seen if we con- 
sider what they represent. Each of two such vectors, as OA and 
OB (Fig, 82), represents a harmonically distributed magneto- 
motive force, shown developed on the right. 

Adding the sine wave A to the sine wave B at every point of 
the periphery, we get the sine wave G, which, as may easily be 




FlO. 32. 

proved, may be represented i)y the vector OG in magnitude and 
position. Thus, the ordinary rule of vector addition serves us 
to find the resultant of two constant magnetomotive forces or of 
two magnetomotive forces at any given instant. 

To find the complete resultant of two such variable vectors, we 
must take their resultants at every instant by vector addition. 
The resultant vector will then describe some curve which we 
shall call the resultant of the two variable vectors. The result 
of this process is shown in Fig. 83, in the case of two harmoni- 
cally oscillating vectors which are in the case given supposed to 
be in quadrature. Adding the corresponding values of the two 
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vectors at a number of successive instants, we get the resultant 

curve, an ellipse. In the diagram, corresponding values are 

numbered the same. It is 

very easy to prove that the 

resultant of any number of 

harmonically oscillating 

vectors is an ellipse. For 

each vector, by a well-known 

theorem, may be resolved 

into two oppositely rotating 

vectors, which are such that 

at any instant their resultant is equal to the value of the 

oscillating vector at that instant (see Fig. 84). 

Take any two oscillating vectors OA and OB (Fig. 85) and 
resolve each of them into two oppositely-rotating components 
OA', OA", and OB', OB". Add together, vectorially, those rotating 
counter-clockwise, viz., OA' and OB', and we get as resultant OC 
Adding OB" and OA", which rotate clockwise, we get 0C"» Now 
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FlO. 34. 



Fig. 35. 



if we add 00" and OC at each instant, we get an ellipse whose 
major semi-axis is equal to the arithmetical sum of OG" and OC 
&nd whose minor semi-axis is their difference. 

Two oppositely rotating vectors of unequal length always give 
rise to an ellipse as resultant, while, if they are equal, the ellipse 
degenerates to a straight line. 

Hence, since the various windings on our stator and rotor all 
produce such oscillating vectors, we may take it for granted that 
our investigations will deal with such ellipses as we have just 
deduced. It is therefore necessary to investigate their properties. 

Such an ellipse requires four independent quantities to specify 
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it, namely, the major and the minor axis, the angle a, Fig. 869 
and some quantity specifying the position of the radius vector 
at time or at some given instant. This may be the angle ^ 
between the radius vector at time 0, and the major axis or any 
quantity giving equivalent information. 

For instance, the projection of the radius vector on the 
major axis would give the same information as that given by the 
angle p. 

Such an ellipse may be described in a clockwise or a counter- 
clockwise sense. Hence we use an arrow-head on the circum- 
ference to denote at once the position of the radius vector at 
time 0, and the direction of rotation. 

If the minor axis of our elhpse vanishes, the ellipse degene- 
rates to an oscillating vector, such as we have treated of 
above, requiring only three quantities for its specification. 

Hitherto we have 
spoken as if the vectors, 
ellipses, etc., under dis- 
cussion must always 
represent magnetomotive 
forces. This is by no 
means the case, as they 
are equally well adapted 
to represent fluxes, 
currents, and E.M.F.'s. 
It will be convenient here 
to adopt the following definitions. In an harmonically distributed 
coil in which an alternating E.M.F. or current occurs, it will 
be represented by a vector parallel to the axis of the coil, and 
of a length corresponding, to any given scale, with the maximum 
value of the E.M.F. or current. The phase will be represented 
by a phase-arrow in the manner described above. An harmoni- 
cally distributed flux will be represented by a vector directed from 
the centre of the machine to the point of maximum density, and 
of a magnitude such as to represent the maximum value of the 
flux to a convenient scale, while its phase is represented by a 
phase-arrow, as indicated above. 

In purely geometrical arguments, where the quantities used 
may equally well represent currents, E.M.F.'s, or anything, we 
shall speak simply of vectors and vector ellipses. 
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The same method of proof is equally applicable no matter 
how many oscillating vectors we have. We can resolve each 
of them into two oppositely rotating vectors, tidd all those 
rotating clockwise and all those rotating counter-clockwise, and 
then compound the two resultant vectors at each instant, when 
we get, of course, an ellipse. Hence we may say, generally, 
the distribution in time and space of the harmonically variable 
quantities in an electric machine is in accordance with such an 
ellipse as has been described above. This ellipse may occasionally 
degenerate to a straight line or a circle. 

By the fundamental definition of the meaning of the vectors 
used in this investigation, each represents a distribution of, say, 
magnetomotive force, current, E.M.F., etc., around the periphery 
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Fig. 37. Fig. 38. 

of a machine, which would be represented in polar co-ordinates by 
a pair of circles (see Fig. 37). The magnetomotive force along 
any axis CD is given by the intercept OB of the circle on that 
axis, or, since the angle OBA is a right angle, we may say that 
the magnetomotive force along any axis OD due to any coil 
whose actual magnetomotive force is represented by the vector 
OA is equal to the projection OB of the vector OA on the given 
axis CD. 

This also holds if OA is a variable vector, and hence it is 
true of the successive radii vectors of an ellipse. Hence we may 
say that any given vector ellipse gives rise, along any given axis, 
to an oscillating vector which is the projection of the ellipse upon 
the given axis. 
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The maximum value of the oscillating vector is found by 
drawing a tangent to the ellipse perpendicular to the given axis, 
and the position of the phase-arrow is found by the projection of 
the phase arrow of the ellipse (see Fig. 88). 

It was remarked above that an oscillating vector might be 
regarded as the edge view of a circle in the plane of which circle 

the ordinary vector of the 
phase diagram rotates. 
Similarly, an ellipse may 
be regarded as the plan 
• view of such a circle in- 
clined to the paper by an 




£Jet»bion ^ angle whose cosine is the 

ratio of the minor to the 
major axis. 

Suppose we take any 
given ellipse and draw a 
circle touching it at the 
two extremities of the 
major axis. Suppose 
this ellipse to be drawn 
in the horizontal plane 
and that the circle at first 
lies in the same plane. 
Suppose, next, that the 
circle is tilted in the 
manner shown in the ele- 
vation given in the upper 
part of Pig. 89. If, 
then, we continue to project the tilted circle on the 
horizontal plane, in the plan of this circle all lines such as AC, 
perpendicular to the axis round which the circle is turned, will 

BC 

be shortened in proportion to the cosine xp oi the angle a, while 

those parallel to the asds OC of tilting will be unchanged. Hence, 
when the circle has been tilted to the degree shown, OA will be 
projected into OB, the corresponding radius vector of the 
ellipse. 

Another method of regarding the same question is as follows : 
Every ellipse may be regarded as compounded of two oscillat- 
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Fig. 39. 
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Fig. 40. 



ing vectors in quadrature and at right angles. These are shown 

in Fig. 40 at OA and OB, their phase-arrows being G and E. 

Drawing the same circle as before, 

it is clear that the projection of 

OC, as well as of OH, on OA is 

OG. From the known fact that 

the projection of a circle tilted in 

the manner described above is an 

ellipse, and since but one ellipse ^{ 
can be drawn with major axis OA 

and minor axis OB, it follows that 
-p^i = Tyf^- Eor, when the circle 

is tilted round the axis OA, all 

lines parallel to OD are shortened 

in the same proportion. Hence, if OD is shortened to OB, then 

OC is shortened to OH. Hence we have 

GH _ OE _ OB 

GC OP OD* 
Hence, transposing, 

OE_qp 

OB OD" 

Hence the circle is capable of 
giving us the phase of OB as well as 
that of OA.* 

Now the radius OC of the circle 
rotates uniformly and, at any instant, 
the projection of this radius on the 
ellipse, perpendicular to the major 
axis, gives the radius vector of the 
ellipse at that instant. 

If we have the position of this 
radius vector given at some particular 
instant, say time 0, then, to find its 
value for any other time the procedure 
will be as follows : 
Draw a circle touching the ellipse at the two extremities of the 
major axis. Project the phase-arrow of the ellipse A (Fig. 41) 

* These propositionB, though interesting, are not of primary importance 
so the student need not spend too much time on them. 




Fio. 41. 
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on the circle by a line perpendicular to the major axis thus 
giving the radius OB. Suppose we wish to find the radius vector 
of the ellipse a quarter period later, which is represented by 90^ 
on the diagram. Draw a radius OC to the circle, making 90^ 
with OB in the proper direction. Project this on the 
ellipse perpendicular to the major axis thus obtaining the radius 
vector OD. This represents the value of the radius vector a 
quarter period after the moment represented by OA. The angle 
between OA and OD will not be 90^ and, therefore, it follows that 
this radius vector does not rotate uniformly. Although it is not 
worth while to stop to prove it, it may be of interest to remark 
that it follows Kepler's law and covers equal areas in equal 
times. 

To recapitulate for a moment. Such an ellipse as we have 
been discussing represents completely the distribution of any 
harmonically varying quantity round the periphery of an electric 
machine in magnitude, position, and phase. In the case of the 
ellipse, the representation of the phase by a phase-arrow is nearly 
as graphic as the representation in an ordinary phase diagram, 
which, however, does not represent the position in space of such 
quantities at all. The ellipse is specified by four quantities, and 
it should be carefully noted that the drawing of such an ellipse 
does not completely specify it unless the phase-arrow is marked 
on it as well. 

From the ellipse we can deduce immediately the oscillating 
vector representing the values of the quantity along any given 
axis. But it would be a great mistake to resolve our ellipse into 
components along two such axes. This is what has hitherto been 
done, but with very unsatisfactory results. The ellipse is mani- 
festly a single whole and should be treated as such. Having 
decided to endeavour to treat the ellipse as a whole* it becomes 
necessary to obtain some knowledge of its geometry. We shall 
only require a few propositions, and these will be stated in 
tabular form, as clearly and concisely as possible. Proof will 
not, as a rule, be attempted, but a reference will be given in most 
cases to a treatise where a proof may be found. (See Appendix.) 

Conjugate Diameten. 

Draw any diameter of an ellipse and a tangent at the extremity 
thereoi Draw a second diameter parallel to this tangent. This 
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diameter is said to be conjugate to the first. It may be proved 
that if any diameter BB (Fig. 42) is parallel to a tangent drawn 
at the extremity of another diameter AA, then the diameter AA 
is parallel to the tangent at the extremity of BB. Hence — 

Two conjugate diameters are two diameters such that each is 
parallel to the tangent at the extremity of the other. 

We shall make constant use of the above 
definition. 

Note also that tangents at opposite 
extremities of a diameter are parallel to one 
another. This may easily be seen by consider- 
ing the ellipse as the projection of a circle. 

In a vector ellipse with rotating radius 
vector, it may easily be proved that conjugate 
diameters are in quadrature with one another. 
Let us take two oscillating vectors in quadra- 
ture with one another and making any angle 
in space and consider the ellipse which they 
generate. 

An examination of Fig. 43 will show that at 
time 4, when OA is zero, the vector OB is a maximum and the 

ellipse, the resultant of the two, reaches 
the line BC. At any other time the 
vector OB has a smaller value than at time 
4, and hence the ellipse can only reach the 
line BC at that particular time. Hence 
'^ the ellipse is tangent to the line BC at B. 
^ Similarly, we may prove that it is tangent 
to AC at A. Now BC is parallel to OA 
and AC to OB. Hence OA and OB are 
conjugate diameters. 

The same proposition may easily be 
proved by considering the ellipse as the 
projection of a circle. ' 

In the circle, two diameters which are 
^ in quadrature will be at right angles to 
one another, as at OB, OA, Fig. 44. 
Now AC, the tangent at A, is at right angles to OA, and BC is 
at right angles to OB. Therefore AC is parallel to OB and BC 

d2 



Fig. 42. 




Fig. 43. 
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to OA. Now, on projection, parallel lines remain parallel lines, 
and hence when we project the circle into an ellipse AG remains 
parallel to OB and BC to OA. 

Hence we may conclude — 

The conjiLgate diameters of a vector ellipse are in quadrature 
with one another in time. 

This will be one of our most important propositions. 

This is all that is really 
necessary of the geometry, but 
in the Appendix are some refer- 
ence propositions. 

When applying the above 
methods to actual machines we 
very frequently find that it is 
required to draw an ellipse when 
two conjugate diameters are 
known. One of the simplest 
ways of doing this is described 
below. Any vector ellipse, as 
we saw above, may be resolved 
into two oppositely rotating 
vectors. To find the two rotating vectors corresponding to two 
given conjuga'te axes, proceed as follows : 

Let OA, OB be the two conjugate axes. Draw vectors OA" 

/I 




Fig. 44. 




Fig. 45. 

and OA' leading and lagging 90°, respectively, on OA, which, of 
course, may be either conjugate diameter. 
Then 1/2 OB + OA' = OD 

and 1/2 0B + 0A" = 0C 

are the two rotating vectors required. 
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To find the major and minor axes of the ellipse^ given the two 
oppositely rotating vectors of which it is composed^ bisect the angle 
between them by the line EE. Draw FF at right angles to EE 
(see Fig. 46). 




if 

FlO. 46. 

Set off their arithmetical sum at OE along the line bisecting 
the angle between them and their arithmetical difference at OF 
along the line at right angles thereto. OE is now the major and 
OF the minor axis of our elUpse which can thus be drawn in by 
the trammel method or otherwise. 



CHAPTER IV 

FLUX AND CUBBENT DISTRIBUTION IN ALTERNATING CUBBENT 

MOTOBS (continued) 

Haying obtained clear ideas as to the properties and geometry 
of our elliptical quantities, we have next to apply our results to 
actual electromagnetic machines. Let us consider, in the first 
place, a machine with drum-wound stator and drum-wound 
rotor. 

Let there be a certain elliptical field crossing the air-gap and 
interlinking both stator and rotor. 

We shall consider, for the moment, that both stator and rotor 
are at rest and contain the same number of turns. Then the 
assumed elliptical field will induce in both a certain ellipse of 
electromotive force which will be similar in shape and position 
to the flux ellipse. 

This may easily be seen if we resolve the flux ellipse along its 
major and minor axes into two oscillating or single-phase fluxes 
at right angles in space and in quadrature in time. Then each 
such flux produces an E.M.F. along its own axis proportional to 
itself^ and hence the ellipse compounded of the two E.M.F's 
along these two axes will be similar and similarly situated to 
the original flux ellipse. 

In general, we can find the flux interlinking a circuit having 
any axis by projecting the flux ellipse on that axis, and the 
E.M.F. in such a circuit will always be proportional to the flux. 

Now this E.M.F., although proportional to the flux, is in 
quadrature therewith so that the phase-arrow on the E.M.F. 
ellipse will be in quadrature with that on the flux ellipse. 

The numerical relation between the two ellipses is the familiar 
one relating the maximum values of any alternating flux with the 
E.M.F. it produces, i.e., 

g z= 2 Trfqn <^ 10~®, 

q = breadth coefficient 

f = frequency. 
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n = number of turns in series between points electrically 180° 
apart on the drum winding, 

<f> = flux. 

A certain magnetizing current must also flow in order to 
supply this flux ellipse. It will be clear that the ellipse of 
magnetizing current must also be similar and similarly situated 
to that of flux. They will, moreover, be in phase. with one 
another neglecting the effect of hysteresis. 

The numerical relation between them is again the familiar 
one (cm. units) 

amp.-tums = 0*8 X max. density X length gap X S, 
S being the ** saturation factor " taking account of the reluctance 
of the iron circuit.* 

Hence the same ellipse may represent, to different scales, 
three different quantities — the flux, the magnetizing current, or 
the E.M.F. (in the latter case requiring a different position of the 
phase-arrow). The relation between the different scales is given 
by the formulae quoted above. 

Besides the air-gap flux, discussed above, there will, in general, 
be two other fluxes — the stator leakage flux, which is proportional 
to the stator current, and the rotor leakage flux, which is pro- 
portional to the rotor current. 

It is impossible to discuss the distribution of these fluxes in 
general, or, indeed, the distribution of the stator and rotor 
currents, which comes to the same thing, until the connections 
of the machine are specified. 

Now, although the stator and rotor leakage fluxes may be 
r^arded as distinct, physically, from the air-gap flux, yet they 
induce E.M.F's in the same circuits as the latter does, which 
E.M.F's may be compounded into a single one with it. It is 
therefore convenient to compound them with the air-gap flux 
and establish the following definitions : 

The '' total stator flux " is the resultant of the air-gap flux and 
the stator leakage flux. 

The '' total rotor flux " is the resultant of the air-gap flux and 
the rotor leakage flux. 

We can now say that the "stator induced E.M.F." is the 
E.M.F. induced by the total stator flux in the stator winding, 

* S may vaxy along different axes which will distort the ellipse somewhat. 
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and that the ''.rotor induced E.M.F." is that induced in the rotor 
winding by the total rotor flux. 

We have next to inquire what takes place when a flux ellipse 
cuts a revolving rotor, for hitherto we have only discussed the 
case where both rotor and stator were stationary. Before doing 
so we shall find it convenient to introduce the idea of the *^ com- 
plement " of any vector ellipse. 

Definition, 

The complement of any vector ellipse is another ellipse such 
that the sum of the given ellipse and its complement is a purely 
rotating vector whose magnitude is tlie arithmetical sum of the 
axes of the ellipse. 

For instance, the complement of a single-phase oscillating 
vector in the case where the ellipse degenerates to a straight line 
is another similar oscillating vector at right angles to it in space 
^^^ and in quadrature with it in time. Thus, 

^Y i* YY (Pig- 47) be the original oscillating 

vector which is at its maximum at the 
instant shown by the phase-arrow, its 
complement will be XX, which is zero at 

" ^ the same instant or in quadrature with 

YY, and also at right angles to it in space. 
The resultant of these two is clearly a 
simple revolving vector rotating counter- 
„ ^ clockwise. 

Any ellipse may be resolved into two 
mutually perpendicular oscillating vectors along the major and 
minor axes. 

The complement of the major axis of the ellipse will be the 
major axis of the complementary ellipse, and the complement of 
the minor axis will be the minor axis of the complement. 
Hence, the complementary ellipse as a whole will be exactly 
similar to the original ellipse but turned through an angle of 
90° in space and with its phase-arrow displaced a quarter-period 
in the manner shown in the figure. 

Thus another definition of the complementary ellipse would 
be as follows : 

The complement of any ellipse is another equal ellipse at right 
angles to the first in space^ rotating in the same sense a/nd with 
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radius vector having the same direction when passing the axes (see 
Fig. 48). 

Gonaider, now, the case of a Bunple alternating or eingle-phase 
flux interliDking a revolving rotor which we will suppose is fitted 
with a commutator and brushes. Across the yy brushes (Fig. 49) 




whose axis is parallel to the axis of the flax, an E.M.F. will be 

generated just as in a transformer, due to the alternation of the 

flux and proportional to the frequency. This 

may be called the " transformer E.M.F." and is 

proportional to the rate of change of the flux 

and hence would not occur if the latter were 

constant. Where we have a sine wave of flux, 

as we assume throughout, this E.M.F. will lag ^ 

90° behind the flux. 

"When the rotor begins to revolve, an 
E.M.F. will appear across the brushes XX 
which is proportional to the speed and inde- 
pendent of the frequency. This E,M.F. may be called the 
" E.M.F. of rotation " and would be exactly the same in magni- 



J 
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tude whatever the frequency of the flux or even if it were 
constant. It is, in fact, the same E.M.F. as occurs in a direct 
current dynamo. It is in phase with the flux producing it. 
Thus a single-phase flux produces in a revolving rotor two 
E.M.F.'s both proportional to itself. One of these Ues along the 
same axis in space as the flux, but lags 90° behind it in time. 
The other is in phase with it in time but makes an angle of 90° 
with it in space. 

These two E.M.F'b will be equal at synchronous speed, which 
may be defined as a speed such that a point on the rotor 
travels over twice the polar pitch (or makes a complete revo- 





FlO. 50. 



Fig. 51. 



lution in the bi-polar machine) in the periodic time of the 
alternating current. 

At this speed the rotation E.M.F. is the ''complement" 
of the transformer E.M.F., and since at any other speed the 
rotation E.M.F. is k times as great as at synchronism, where k 
is the ratio of the speed to synchronism, the definition above 
enables us to state concisely : 

The E.M.F. induced in a rotor revolving at speed k times 
synchronism by a single-phase flax is eqml at any speed to Ike 
standstill E.M,F. phis or minus k times its complement 

Geometrically these facts appear as follows : 
A single-phase flux gives rise in a revolving rotor to an 
E.M.F. whose major axis (below synchronism) is parallel to 
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that of the flux, the ratio of whose semi-axes is the same as 
that of the speed to synchronism, and which lags 90^ behind 
the flux (see Fig. 50). 

The direction of rotation of the phase-arrow is opposiU to 
that of the rotor. 

We may modify this in the case where the E.M.F. at standstill 
is given. 

If any flux gives rise to a single-phase E.M.F. in a rotor at 
standstill, then, at any other speed, k, it will give rise to an 
eUipse of E.M.F. whose minor axis (below synchronism) is 
parallel to that of the standstill E.M.F., the ratio of whose 
semi-axes is k, the same as that of the speed to synchronism and 
which rotates in the opposite direction to the rotor. The position 
of the phase-arrow will correspond with that on the standstill 
E.M.F. ellipse (see Fig. 51). 

It is quite clear that the same rule which we obtained for the 
E.M.F. due to a single-phase flux is also applicable to any 
elliptic flux without further modification, since every eUiptic flux 
may be resolved into two single-phase fluxes. 

Hence, we may state that : 

The E.M,F. induced in a rotor revolving at speed k times 
synchronism by any eUiptic flux is equal to the standstill E.M.F. 
phis or minus k times its complement. 

The minus sign is to be taken when the rotor revolves with 
the flux. This is easily remembered, as the E.M.F. is naturally 
less in this case. 

If the semi-axes of the standstill E.M.F. ellipse are a, h, 
proportional to those of the flux ellipse, the corresponding axes 
of the resultant ellipse will clearly be a ± A; 6 and 6 ± A; a. 

As it is very important to obtain the utmost clearness on this 
point, it will be convenient to consider a little more closely how 
such an E.M.F. ellipse varies as we change the speed. The only 
case that presents anything remarkable is that where the rotor 
goes the same way as the radius of the ellipse. In the diagrams 
(Fig. 52 and the table on p. 45) are given illustrations of the 
changes which the resultant E.M.F. ellipse goes through at 
various speeds. 
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We see that first the eUipse collapses to a straight line along 
the major axis, then expands again, having reversed its direction 
of rotation till at synchronism it is a circle rotating in the 
opposite direction to the rotor. It then becomes elongated in 
the direction of the former minor axis, and finally collapses to 
a straight line again ; after which it expands again, having again 
reversed its direction of rotation, and goes on expanding till it 
again becomes a circle at infinite speed. 

If a = 6, Le., the ellipse is a circle, the two speeds at which the 

ellipse collapses to a straight line, viz., A = - and * = r> coincide 

at a value of A; = 1. HiBnce, this double reversal of rotation does 
not take place at all in this case. 

Before we go on to discuss the different types of a,lternating- 
current motor in detail, it will be convenient to say something 
about different methods of connecting the circuits of such 
machines. 

The circuits may be connected in series or parallel, stator 
circuits with stator circuits, rotor circuits with rotor circuits, or 
stator circuits with rotor circuits. If we have two stator circuits 
at any angle connected in series, they may be compounded into 
a single circuit, since both are by hypothesis distributed har- 
monically. Circuits in parallel must be considered as inde- 
pendent whether on the rotor or stator. 

* Conyersely, if it is necessary that the hoidzontal axis, say, of the ellipse 
shall vanish at speed k, we must have 

Horizontal axis of flux ellipse _ y 
Vertical axis of the flux ellipse ~^ 
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Thus there only remains a stator circuit connected in series 
with a rotor circuit. These obviously cannot be compounded, 
as entirely different E.M.F's are induced in them by the. same 
flux. 

Let us inquire by what construction we may find the resultant 

E.M.F. in such a combined circuit due to given E.M.F's in each 
part. Let the two circuits have the axes AA' and B£' and the 
E.M.F's in them be OA and OB (see Fig. 68). In order to find 
the resultant E.M.F. vector we have to add the two variable 
E.M.F's OA and OB at every instant. We clearly cannot do 





Fig. 63. 



this directly, as they are not along the same line. Let us, then, 
draw a line GC bisecting the angle AOB. Let it make the angle 
with both OA and OB. Then, the projection of OA along it 
will be OA cos d, and that of OB will be OB cos at every 
instant. 

Hence, if we project both vectors along this line and add at 
every instant, then the resultant vector so obtained will be equal 
to (OA + OB) cos e. 

Now, if instead of projecting tl»two vectors on CC and then 
adding arithmetically at each instant, we had formed the vector 
sums of the original vectors, we should have obtained a certain 
ellipse as shown. And, if we had projected the radius vector of 
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this ellipse on CC, we should have got exactly the same result 
as by projecting OA and OB separately and then adding. 
Hence we get our final proposition : 

If two E.M.F's exist in two circuits^ making an angle vAih one 
another and connected in aeries, then the total E.M F. across the 
two series circuits is found by adding these two E.M.FJs at every 
instant to form a certain ellipse, projecting this ellipse on a line 
bisecting the a/ngle between the two circuits and dividing the result 
by cos, 6 where 6 is half ike angle between the circuits. 

This is true whether the two circuits have the same number 
of turns or not. 

A most important particular case of this proposition is that in 
which the angle between the two circuits is 90°. 

Let us consider this case and generalise it to take account of 
the case when the two circuits have a different number of turns. 
By taking this explicitly into account we shall find later that our 
results are very much more useful, as our ellipses of current, 
E.M.F., etc., may be made to correspond. 

Suppose for the sake of argument we have a circuit composed 
of two coils at right angles having axes OA and OB (see 
Fig. 58 on left) and having numbers of turns n and ni cut by 
a flux ellipse also having axes OA and OB, the ratio OB/OA 
being k. 

El = n OA 
Eg = ni OB. 

The E.M.F. across the terminals will be Ei + E3. 

If we draw a line making such an angle with OA that 

tan = — , and then project OA and OB on this line we shall 
n 

have 

n El 

Projection of OA = OA cos = 0A /— rr — 9 = / o— y 

Projection of OB = OB cos (90 — ^) = OB sin = 
^■^ /~9"T — 2 == / a~r — 2» since if tan 5 = ~, sin =z 

/ n~ — o and cos u = / n , — a. 
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/. Projection of OA + Projection of OB 

El -]- Efl 

Since the sum of the projections is the projection of the sum, 
or resultant, of OA and OB, which we saw above was an ellipse, 
we get our final rule. 

If two E.M.F.*8 exist in two circuits making a right angle with 

one another and connected in series and having different nvmbers of 

turns n and ni, then the total E.M.F, across the two series circuits 

is found by adding the E.M.F, per turn in each circuit, at each 

instant, to form a certain ellipse and projecting this ellipse on a line 

nt 
making an angle tan "^ — with that circuit having n turns, a/nd 

n 

m/ultiplying the result by Vn^ + ni\ 
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SEBIES TYPE MOTOBS 



The five different types of motor mentioned above may be 
obtained by considering the possible permutations of the three 
element^ of which any series-type motor is composed, viz., 
neutralizing coil, field coil, and armature. 





NantTftlizing 
CoiL 


Field 
Coil. 


Armature. 


Neutralized series motor . 
Bepulsion motor .... 
Inverted repulsion motor 
Induced series motor 
Compensated repulsion motor . 


stator 
rotor 
stator 
rotor 
rotor 


stator 
stator 
rotor 
stator 
rotor 


rotor 
stator 
rotor 
stator 
stator 



In this classification the *' armature *' must be regarded as the 
member into which the power is led by conduction, and the 
" neutralizing coil " as that in which it is, or may be, induced, 
while the " field " is that which produces the useful flux. In the 
case of the inverted repulsion motor, the " field '* coil is only a 
component of the ** armature." 

If we recollect that machines in which armature and neutralizing 
coil are on the same member are impossible, it will easily be seen 
that we have enumerated all possible combinations of these 
elements, and in fact the induced series motor appears here as a 
secondary modification of the repulsion motor. 

Before discussing individual machines in detail it will be 
convenient to adopt a few simple conventions as to notation. 

In order to make our results quite clear, let us take as a 
numerical example a small machine of which the following are 
the particulars : 



M* 



£ 
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Number of poles .... 


. 4 


Effective air-gap .... 


•1 cm. 


Gap diameter .... 


. 30 cm. 


Core length 


. 15 cm. 


Number of primary conductors 


. 804 


Turns, per pole .... 


. 38 


Number of secondary conductors . 


. 304 



To ascertain the relations between the currents, ampere turns, 
fluxes, and E.M.F.'s, we make use of the well-known fundamental 
formulee : 

ampere turns = '8 X effective single gap length in centimetres 

X maximum gap density. 
Assuming a current of 6 amperes (B.M.S.) 

V2 X 5 X 38 = '8 X '1 X maximum gap density. 
Maximum gap density = 3360 per square centimetre. 
Assuming, for the present, an harmonic flux distribution, we 
get 

Average gap density _ 2^_ ,^q^ 
Maximum gap density tt " ' 
so that 

Maximum flux per pole = '636 X 3860 X ^ X ^^ X ^^ 

= 755,000. 

Also, the root mean square E.M.F. due to this flux will be at 
60 cycles, by the ordinary formula 

E = 4-44 X -9 X 60 X 152 X 755,000 X lO-^ = 275 volts. 

Since we neglect saturation, all these quantities, viz.; the 
current, ampere turns, maximum flux density, total flux, and 
E.M.F., are directly proportional to one another. Hence to 
suitable scales, the same line may represent all of them 
graphically. In general, it will be most convenient to draw only 
one diagram representing primarily, say, the E.M.F., and derive 
the values of the other quantities from this by a change of scale. 

For instance, we know that 5 amperes correspond to 275 volts 
and 755,000 lines per pole. Hence, if we choose a scale of 
amperes such that, say, 5 amperes correspond to 1 cm. on the 
diagram, we know at once that 1 cm. must represent 275 volts 
and 755,000 lines per pole. This procedure we shall adopt. 
, A further convention, which is important to remember, is that 
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a vector represents a current and the applied E.M.F. to which it 
is due, not the back E.M.F. produced by it. 

The Repulsion Motor. 

The rotor and stator windings of this machine are entirely 
independent of one another, so that we can assume, without 
limiting the generality of our investigation, that they have the 
same number of turns on each. We shall deduce the flux 
distribution in this machine direct from the principles discussed 
above. 

This flux induces in |he stator winding an elliptical distribu- 
tion of E.M.F. , whose projection on the stator axis gives the 
terminal E.M.F. In the rotor the same flux induces, in 




R 




Fig. 54. 

accordance with the principles laid down above, the same E.M.F. 
plus k times its complement, if the machine is running at a 
speed of k times synchronism. 

The deduction of the air-gap flux proceeds as follows : 
Since the rotor is short-circuited along the axis OP there can 
be no E.M.F. along that axis, and the rotor E.M.F. ellipse is 
therefore a straight line along OE perpendicular to OP. In order 
to give rise to such a rotor E.M.F. distribution at speed /c, we 
require a flux ellipse whose axes lie along OE and OP ; that along 
OE being of length a, say, and that along OP being ka, in which 
case, as may be easily seen, the "transformer" E.M.F. and E.M.F. 
of rotation along OP will cancel (p. 45), leaving a straight line 
distribution of E.M.F. The E.M.F. due to this flux distribution 

£2 
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in the stator is, in accordance with the conventions adopted above 
represented by the same ellipse as the flux (Fig. 64) (of course, 
with the phase-arrow displaced a quarter period). 

The projection of this elUpse on the stator axis OQ, therefore, 
must be constant and equal to the terminal E.M.F. 

Hence we get the following rule for determining the flux 
distribution of the ideal repulsion motor : 

(1) Draw a line perpendicular to OQ and at a distance from 

the origin equal to the maximum terminal E.M.F. 

(2) Tangent to this line draw an ellipse whose axes are OP and 

OE and the ratio of the axis OP to the axis OB is k. This 
will be the flux ellipse at any spe^d. 

The Neutralized Single-Phase Series Motor. 

This machine consists of a field and neutralizing winding 
placed upon the stator and connected in series with the armature, 
so that the neutralizing winding exactly annuls the magneto- 
motive force of the armature, there being no resultant flux along 
the brush axis OB (Fig. 2). 

We shall suppose that there are a times as many turns between 
the brushes as there are in the field. 

As a consequence of the presence of the neutralizing coil, the 
flux ellipse is a straight line along OP, which induces in the field 
an E.M.F. e equal to it in accordaiice with the conventions we 

, have adopted, and in the arma- 

\p ture an E.M.F. ei = ake, in 

quadrature with e. 

Compounding e and ei, we 

obtain the E.M.F. ellipse, which 

corresponds to the ellipse of 

E.M.F. distribution round the 

commutator when a = 1. A 

^^^' ^^' tangent to this ellipse (p. 46), 

making 45° with the axes OP and OB, gives the terminal E.M.F. 

(see Fig. 55). 

Hence the rule for determining the E.M.F. ellipse in the 
single-phase series motor is : 
(1) Draw a line making an angle of 45° with OP and OB and 
at a distance from the origin equal to the root mean 
square terminal E.M.F. 
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(2) Tangent to this line, draw an ellipse with axes OF and OB 
and having the axis OB equal to ok times the axis OP. 

This ellipse will be the ellipse of resultant E.M.F. in the 
machine. The position of the phase-arrow on it must agree with 
the assumed phase-arrow on the terminal E.M.F. 

The current in the motor will be proportional to and in quad- 
rature with the projection of this ellipse on OP. 

The Inverted Repulsion Motor. 

This machine is constructed exactly like the ordinary repulsion 
motor save that the stator winding is short-circuited and the 
rotor winding connected to the line. 





Fio. 56. 

Since the stator winding is short-circuited the flux along OP, 
now the stator axis, is always zero and the flux ellipse reduces to 
a straight line along OR, just as the rotor E.M.F. ellipse did in 
the ordinary repulsion motor (see Fig. 56). 

This purely pulsating flux ellipse induces in the motor an 
E.M.F. e equal and in quadrature with itself along OR and 
d = ke along OP in quadrature with e (p. 42). Compounding 
e and ei, we get the ellipse of rotor E.M.F., whose axis OP is, as 
usual k times its axis OR. 

This ellipse must touch a line perpendicular to OQ and at 
a distance e^ from the origin equal to the maximum terminal 
E.M.F. 

So we see that the distribution of rotor E.M.F. in the inverted 
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repulsion motor is identical with that of stator E.M.F. in the 
ordinary repulsion motor. The primary, or rotor current, is such 
that its projection on OR is equal to, but in quadrature with, the 
projection of the E.M.F. ellipse on that axis. The secondary or 
stator current is equal and opposite to the projection of the 
primary current on OP. This construction is also true for the 
ordinary repulsion motor. 

The Compengated Repulsion Motor. 

This machine carries a single distributed, single-phase winding 
on the stator which is connected in series with a pair of rotor 
brushes displaced 90 electrical degrees from the axis of the stator 
windings. A pair of short-circuited brushes is arranged oo-axially 
with the stator winding (see Fig. 18). 

The machine only differs from a modification of the ordinary 
repulsion motor, in which the single stator coil, which is usual, 
is resolved into two coils at right angles, in that the coil at right 
angles to the short-circuited brushes is arranged upon the rotor 
instead of the stator. 

Thus the flux distribution corresponding to a given current is 
identical with that of the ordinary repulsion motor, but the 
terminal E.M.F. corresponding to that current is different. We 
did not find it necessary in the ordinary repulsion motor to 
calculate the value of the secondary E.M.F. or E.M.F. along 
OR. Since in the compensated repulsion motor, however, this 
E.M.F. occurs in the primary circuit, we must now proceed to 
calculate it. 

In Fig. 57 is shown the ellipse of flux distribution, which is 
also the ellipse of stator E.M.F., exactly as in the repulsion motor, 
and we saw that the " transformer " and " rotation " E.M.F.'s 
along the axis OP cancelled one another. 

Along the axis OR (Fig. 67), however, the "transformer" 
E.M.F. will be a, equal to the semi-axis of the ellipse. 

The " rotation '* E.M.F., however, will be k times ka the axis 
of the ellipse along OP. It will be exactly opposed to the 
transformer E.M.F., hence the resultant E.M.F. along OR is 
(1 - k^)a = OR. 

_. , turns in series on stator winding , ,, , , 

If we put — 1 -. — r- 7 —-u — I— ^ = (>9 the stator 

^ turns m series between brushes 

E.M.F. will be b times OP', or kba. 
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In order to get the terminal E.M.F., we have to compound the 
stator E.M.F. along OP with the rotor E.M.F. along OR, which 
is in quadrature with it, in exactly the same way as we did with 
the neutralized series motor. 

As in the series motor, too, the ellipse obtained by compound- 
ing these two quantities must touch a line making an angle of 45^ 
with OP and OR (see p. 46) and at a distance from the origin 
equal to the root mean square terminal E.M.F. The axes of this 
ellipse of resultant E.M.F. are kb and (1 — k^) b. Hence the rule 
for constructing the diagram of this motor is : 

(1) Draw a line making an angle of 45° with the axes OP and 
OR and at a distance &:om the original equal to the 
R.M.S. terminal E.M.F. 




Fig. 57. 

(2) Tangent to this line, and with axes OP and OR, draw an 

ellipse the length of whose axes are in the proportion kb 
and (1 — k^)b along OP and OR respectively. This will 
be the ellipse of resultant E.M.F. 

(3) Having drawn this ellipse with axes OP and OR, draw 

another with axes OP' = OP/i and OR' = 0P/A:6. This 
will be the flux distribution ellipse. 
Having obtained this, we may calculate the current from it in 
exactly the same manner as in the repulsion motor. 



The Induced Series Motor. 

This machine consists of an inducing primary winding on the 
stator and a field winding at right angles to it, also on the stator. 
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On the rotor we have two brushes arranged co-axially with the 
stator winding and connected in series with the field winding. 
Since rotor and stator are quite independent, we shall assume 
that the primary and field windings have the same number of 
turns and the number of armature turns is a times the field 
turns. 

The E.M.F. induced by the primary flux in the secondary is 
equal to the resultant of the E.M.F. induced in the field coil and 
the rotation E.M.F. in the armature. 

We must therefore construct first this ellipse of resultant 
E.M.F. just as we did in the neutralized series motor. Its axes 

will be along OP and 
•'^ OR, and if the length 

of that along OR be e, 
that along OP will be 
ake. 

Let eQ be the maxi- 
mum impressed E.M.F. 
Draw a line perpendicu- 
■^ lar to OP (Fig. 58), and 
at a distance ^of^om the 
origin. Through the 
point Eo, where this 
line cuts the axis OP, 
draw another EqT, 
making 45° with the 
axes OP and OR. The 
shortest distance between this line and the origin is easily seen to 
be «o/ V2. 
Draw the ellipse of resultant E.M.F. with the ratio 

s emi-axis OP _ , 
semi-axis OR "" 
and tangent to the line just drawn at 45° to both axes. 

To get the flux distribution, we have to compound the 
component along OR of the ellipse just drawn, which represents 
the "transformer" E.M.F. along OR, with the E.M.F. OEq. 
When eo is a maximum, the phase-arrow on the vector ellipse, 
just drawn, is at the point of tangency of the ellipse with the line 

EqT. 

This gives us one of the data we require for drawing the elUpse 




Fig. 58. 
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of flux distribution. The projection of this ellipse on the axis 
OP is the impressed E.M.F. eo, and its projection on the axis OR 
is the same as the projection of the ellipse of resultant secondary 
E.M.F. already drawn. 

Hence, it is tangent to the line EqS already drawn perpen- 
dicular to OP and at distance eo from the origin. 

Draw a line perpendicular to OR and tangent to the secondary 
E.M.F. ellipse. The ellipse of flux distribution will be tangent 
to this line also. We thus have two pairs of parallel tangents 
to the ellipse. 

Project the point T on to the line EqS by a line perpendicular 
to OR and cutting EqS in S. This is the point where the flux 
distribution ellipse touches EqS. For, when Eq is a maximum, 
the phase-arrow of the secondary E.M.F. ellipse is at T and its 
projection on OR is the point A where ST cuts OR. 

Compounding OEo and OA, we get OS, which gives us the 
radius vector of the flux ellipse when OEo is a maximum. 

To sum up, in order to draw the flux distribution ellipse of 
the induced series motor we must perform the following con- 
structions : 

(1) Draw two lines EqS at distances Eo from the origin on 

either side and perpendicular to OP. 

(2) From the point Eo draw EoT, making 45^ with both axes. 

/Q\ Tx IT -XT- i.- semi-axis along OP , , 

(3) Draw an elhpse with ratio = — -. — , — ^-tvd = ^«^ and 

^ ^ *^ . semi-axis along OR 

touching EoT at T. 

(4) Draw two lines touching this ellipse and perpendicular to 

OR. 

(5) Draw through T and perpendicular to OR a line cutting 

EoS in S. 

(6) Draw an ellipse tangent to the four lines we have drawn 

perpendicular to OP and OR and tangent to EqS in S. 

This is the ellipse required. 

By another line of reasoning we can show that the axis along 
OP of the secondary E.M.F. ellipse is also a diameter of the flux 
distribution ellipse. Because, when the secondary E.M.F. along 
OR is zero, the terminal E.M.F. must be equal to the radius 
vector of the secondary E.M.F. ellipse along OP. 



CHA.PTER VI 

SINGLE-PHASE, SHUNT TYPE MOTORS 

Thebe is by no means so large a variety of shunt type as of 
series type motors having different modes of operation though 
substantially the same characteristics. Although the number 
of constructional modifications which may be suggested is, of 
course, endless, all practicable types of motor reduce, in the end, 
to what is essentially one machine. This is due to the following 
facts. 

Consider the ordinary shunt motor operated on alternating 
current. If the armature current is approximately in phase 
with the hne E.M.F., which it should be, of course, for operation 
on good power factor, it will be in quadrature with the flux 
which lags 90° behind the line E.M.P. In order, therefore, to 
keep flux and current in phase we need to supply the field with 
an E.M.F. leading 90° on the armature or line E.M.P. 

There is but one way to generate such an E.M.F. if we are 
to retain a purely single-phase motor, and that is by moans of 
a pair of brushes arranged on the armature at right angles to 
the load brushes or those which carry the main current. The 
practical machine in which this principle is carried out in its 
simplest form is usually called the Atkinson commutator induction 
motor (see Fig. 16). It consists of a distributed single-phase 
winding on the stator, a pair of short-circuited brushes co-axiak 
with the stator winding, and another pair at right angles thereto, 
also short-circuited. 

The E.M.F. of rotation induced in this latter pair of brushes 
by the primary flux leads 90° on the line E.M.F. and is therefore 
capable of producing the field we require. This commutator 
armature with its two pairs of short-circuited brushes may be 
replaced by a plain squirrel cage armature giving us the ordinary 
single-phase induction motor. 

Let us consider, in the light of the principles discussed above,, 
what must be the flux distribution of such a machine. 
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Since the rotor is short-circuited along all axes, the rotor 
E.M.F. must be zero along all these axes. 

Now there is only one flux distribution which can induce zero 
voltage in a revolving armature, and at the same time a voltage 
eo along one axis of the stator, and that is a purely circular or 
rotating flux distribution. It can only do this, moreover, at one 
particular speed, viz., synchronism. Hence, the ideal induction 
motor, devoid of losses and leakages, can only run at one speed, 
viz., synchronism. 

Hence, to draw the flux distribution of the single-phase 
induction motor, we get the following rule : 

(1) Draw a line perpendicular to the stator axis OP at a 

distance from the origin equal to the maximum E.M.F. bq. 

(2) Draw a circle tangent to this line and this will be the 

fl^ux distribution at synchronous speed. 

This circle represents, to the appropriate scale, -< • 
not only the flux distribution, but the magnetizing ^r 
current, which is the resultant of the rotor and 
stator currents. 

Suppose the machine runs clockwise. The 
stator current is purely pulsatory or single-phase, 
on account of the nature of the stator winding, 
and hence requires supplementing by a certain 
rotor current in order to give a resultant 
rotating current. The stator current being ^^^ g^ 
pulsatory and of magnitude i, say, may be 
resolved into two equal, oppositely rotating currents each of 

magnitude ^ i. 

If the rotor current is ii = ^ i, and is opposite in phase to that 

component OB of the stator current which revolves counter- 
clockwise, or against the revolution of the motor, it will cancel 
it at every instant, leaving merely the component OA to supply 
the flux. The magnitude of OA must therefore be suflScient to 
produce the flux, and therefore the total stator current i must 
have twice this magnitude. Thus we get the following results 
relating to the magnetizing currents of the single-phase induction 
motor : 
(1) The rotor current is a purely revolving current, revolving 
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current. Hence we must conclude that it is not permissible to 
conduct a finite E.M.F. into an ideal rotor of this type at 
synchronism. 

Here we must introduce the resistance of the circuit along the 
YY axis in order to limit the current along that axis. The same 
thing has to be done, of course, when considering polyphase 
compensation, as we did above. Let r be the resistance between 
the YY brushes. 

We then get in the YY axis a current ei/r in quadrature with 
the primary E.M.F., that is, in phase with the primary magnetizing 
current. This current, or " YY compensating current," may be 
given any magnitude and caused either to lag or lead on eo, 
according to the magnitude and sign of ei. 

It may therefore, by a 
proper adjustment of eu be 
caused to supply the whole 
of the magnetizing current 
necessary in the YY axis and 
thereby reduce the stator 
/P current to zero. 

When we have done this 
we have reversed the current 
which flows in the YY axis 
of the ordinary induction 
motor, that is, the rotating 
current in the armature is 
now going with the rotor, not against it. 

It will be of interest now, having ascertained to what the 
compensating effect is due, to calculate the flux distribution at 
synchronous speed in the compensated motor. We can do this 
most easily by considering the stator E.M.F. ellipse as composed 
of two oppositely rotating E.M.F.'8, of which that one which 
rotates counter-clockwise, or against the direction of rotation of 
the motor, is alone responsible for the rotor E.M.F. The E.M.F. 
produced by the counter-clockwise flux is twice as great in the 
rotor as in the stator, so that as we are cqnsidering stator E.M.F.'s 

the magnitude of the flux will be ^ ei if ex be the compensating 

voltage. Thus we have already found the oppositely rotating 
component of the ellipse and have, therefore, only to find the 
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Fig. 61. 
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clockwise rotating component. If OP (Fig. 61) be the primary 
axis, then the stator E.M.F. ellipse must touch a line drawn 
perpendicular to this axis at a distance eo from the origin. 

When eo is a maximum, ei is a maximum also, and hence, the 
counter-clockwise rotating vector lies along OE at this instant 
since it is into OE that ei is fed. 

Let 00 be the radius vector of the ellipse at the point where it 
touches the line parallel to OE. 00 = OB + BC, vectorially, 
if OB is the clockwise rotating E.M.P. and BC the counter- 
clockwise. Since we know that BC is parallel to OE, it follows 
that the projection of OB on OP is also eo, or that its extremity 
lies on the same line to which the ellipse is tangent. A quarter 





Fig. 62. 

period later the counter-clockwise E.M.F. lies along OP, and 
since the primary E.M.F. is zero, the clockwise-rotating E.M.F. 
must have a component along OP equal and opposite to the 
counter-clockwise. 

Hence we get our final construction for the clockwise E.M.F. 

Draw a line AD parallel to OE and on the opposite side of it 

from the line BC, its distance from OE being -x ci. Describe 

a circle from the origin as centre cutting BC in B and AD 
in A. Let the diameter of the circle be such that OB is 
perpendicular to OA and it will satisfy the conditions 
enumerated above, and therefore be the clockwise component 
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of the desired stator E.M.F. ellipse. Combining this with 
the counter-clockwise component which we already know, 
we can draw the eUipse by the usual constructions. 

We now come to the generalized type of shunt machine (Fig. 62), 
in which E.M.Fs are fed into the rotor brushes for the purpose 
of varying the speed. In order to vary the speed, the E.M.F. 
fed into the brushes parallel to the stator axis should be in phase 
with the hne voltage and that fed into those perpendicular thereto 
should be in quadrature. 

Consider, first, the case where the XX brushes are short- 
circuited and an E.M.F. ei is fed into the YY brushes and eo to 
the primary. The conditions to be satisfied by the flux ellipse 
are as follows : it must produce zero rotor E.M.F. along the XX 
axis, and an E.M.F. ei along the YY, and at the same time an 
E.M.F. eo in the stator. 

We saw in discussing Fig. 52 that if a is the YY and b the 

XX axis of a flux elUpse we must have A; = - or A;a = & in order 

that the XX axis of the resulting E.M.F. ellipse may be reduced 
to zero. 

We know the flux along the YY axis, or a, since it must be such 
as to balance the primary E.M.F. Hence according to our 
convention a = eo. This assumes the same number of turns on 
rotor and stator of course. Since b =ka = keo wo now know 
the complete flux distribution. The flux along XX induces a 
counter E.M.F. along the YY axis equal to k^a or k^eo (k times its 
own magnitude ka). Hence the resultant rotor E.M.F. is 

(1-*V 

This must be equal to ei so we get 

ei = (1 — k^) eo 
which, since ei and eo are arbitrary, can only be true for one 
particular value of k which is the no-load speed of the motor. 

The machine is, therefore, a constant speed motor which can 
only run in the immediate neighbourhood of this one particular 
speed. 

To sum up, in order to draw the flux ellipse of this type of 
motor, we proceed as follows : 

Calculate k from the equation «i = (1 — k^) cq. Draw an 
ellipse whose axes lie along the XX and YY axes and whose axis 
along YY is equal to eo, and its axis along XX is keo (see Fig. 62). 
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Similarly, we can draw the flux ellipse if an E.M.F. is con- 
ducted into the XX axis (Fig. 19) the YY axis being short 
circuited. Here the conditions which determine our ellipse are : 

(1) The axis of the ellipse along YY (or OF) must be k times 

the other axis. 

(2) It must be such as to balance €q. 

(8) k is still determined by the equation (1 — A;^ «o = ^i- 

So that the construction for determining the ellipse will still be 

the same as before, save that the minor axis will now be where 

the major axis was before (see Fig. 68). 
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A more general manner of determining k and the flux 
distribution is the following : — 

(a) We saw (p. 48) that if the semiaxes of the standstill E.M.F. 

are a, b, those of the E.M.F. during running will be 
a ^kb and 6 i A; a. 

(b) We know that a = eo. 
From the three equations 

(1) eo = a 

(2) €i = a 1 A; 6 

(8) ea = 6 1 fc a 
we can determine a, b, and k. 
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CHAPTEE VII 

A MORE EXACT THEOBY OF THE SEBIES TYPE HOTOBS 
DEFINITIONS AND PBELIMINABY INVESTIGATIONS 

In the following chapters we shall endeavour to discuss the five 
fundamental forms of series type motor in sufficient detail to 
take into account the magnetic leakages, etc. 

Before doing so, however, it will be necessary to explain the 
principles on which these discussions will be based somewhat 
more fully. 

In order to carry out our investigation satisfactorily we require 
first a clear and systematic notation for the various vectors of our 
diagram. 

We have to consider three classes of quantities, E.M.F.'s, fluxes, 
and currents or ampere turns. 

Our notation should show clearly the following facts : 

(1) Whether the vector denoted represents E.M.F., flux, or 

ampere turns. 

(2) At which of the two instants considered it exists. 

(8) Whether it represents an efliBct in the rotor, stator, primary 
secondary, or tertiary (commutating coil). 

(4) When there are several vectors acting in the same circuit, 
we shall require distinguishing marks for each. 

To fulfil these conditions we adopt the following notation : 

« = * = 1 

E P are E.M.F.'s at the two in- 

stants ^ = and t = 1, 
a quarter period apart. 
I J are M.M.F.'s a quarter period 

apart. 
M N are fluxes a quarter period 

apart. 
Thus to get the ellipse of E.M.F. we take the resultant of all 
E.M.F.'s, E and all E.M.F.'s F as the two conjugate axes of our 
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ellipse. The suffix s^ b> as Mg, Mr, indicates that the flux inter- 
links the stator or rotor respectively. The suffix i, 2, s, as in 
Ii> I29 Is} indicates that the M.M.F. I is due to the current in the 
primary, secondary, or commutating coil circuit, respectively. 

The further suffix „» &> a as in Ea^y indicates that there are 
several E.M.F.'s (at * = 0) in the secondary circuit which require 
distinction. We shall not have much occasion for these double 
suffixes. 

Every elliptical field machine may be investigated by studying 
the phenomena which occur along two independent axes, making 
an angle with one another in space. Along each of these axes 
we shall have in general a component of the stator circuit, and 
also of the rotor circuit. The two axes are made interdependent 
by E.M.F.'s of rotation appearing in one axis due to the fluxes 
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along the other and also, perhaps, because we may have the 
same stator or rotor current in each. Each of these axes we 
may treat as a transformer, all E.M.F.'s of rotation, as well as 
the external E.M.F.'s being treated as impressed E.M.F.'s. 

It will be useful to develop this point of view more fully. 

Let us consider first the phase diagram of an ideal transformer 
without losses and leakages, and see how we may construct a 
linear diagram from it to describe the phenomena in one axis of 
our machine. 

In such a transformer let OIi be the primary current and OB 
the primary E.M.F., both being supposed given. 

F 2 
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We shall use the same conventions as to the current, E.M.F.| 
and flux scale, as those explained in Chapter V. 

According to this convention if OB represents the E.M.F. the 
magnetizing current will be represented by a vector OC of equal 
magnitude to OB but lagging 9(P behind it. The secondary 
current will therefore be CIi or OD. Now let us consider how 
we may represent the facts given by this phase diagram by means 
of a purely linear diagram. 

To do this we make use of the conception mentioned above 
(Chapter in.) in which the linear diagram is regarded as an 
edge view, so to speak, of the phase diagram. 

We have first to determine the values of the various quantities 

Oil, OB, OG, and OD at two instants a quarter period apart. To 
ascertain this we must project our vectors on two mutually per- 
pendicular axes, which may conveniently be taken parallel and 
perpendicular to OIi. 

According to the system of notation described above the 
components of the above vectors will be denoted as follows : 



Phase diagram 


Magnitude 


Magnitade 


vector. 


when taaO. 


when tsl. 


oil 


ii 


Ji( = 0) 


OB 
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OC 
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Jo 


OD 
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h 



All these components must now be swung into a given axis by 
a rotation in a definite direction (say clockwise), as has been done 
in the diagram (Fig. 64), where the line corresponding to t = is 
the linear diagram we require. 

It is geometrically evident that since OC is equal and per- 
pendicular to OBi we have OIo = — OFi = OIi+ Ola. 
It is also clear that 

Jg 5= £|, or more generally, 
Ji + Ja = El with Ji = 0. 

The two equations 

Ji + Ja = El and Ii + la = - Fi 
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are quite sufficient in themselves as a foundation for our linear 
diagram without any reference to the phase diagram. 

To prove this we proceed as follows : 

Set out on the linear diagram Ii, Ei and Fi, which are sup- 
posed given together with Ji = 0. 

Then the above equations enable us to determine I2 and J2 
directly as follows : 

la = Ii — Fi, Ja = El. 

At first sight it looks curious to see currents such as Ii and 
E.M.F.'s such as F co-existing in the ^ame equation, but it must 
be remembered that these equations depend strictly on our con- 
vention identifying the magnitudes of our E.M.F.'s and the 
corresponding magnetizing currents. 



/> 



is; 



/. 



FlO. 65. 



In more complex problems, such as we shall deal with later, it 
will be convenient to tabulate these calculations. This may easily 
be done as follows : 



Primary . 
Secondary 





Flux. 




Ml 


= — 


F, 


Ma 


=r — 


F, 



Current. 



ii 

I,=:F,-Ii 



B.M.F. 



E, 

-El 



Flux. 



Ni=-E, 



Current. 



Ji = 

us = £1 



B.M.F. 



Fi 
-Fi 



To illustrate the application of these phase diagrams and cor- 
responding linear diagrams we will suppose that OIi and OB are 
the current and E.M.F. in the primary of an ideal repulsion 
motor, and endeavour to find the secondary current, flux distribu- 
tion and speed. 

In the diagram (Fig. 66), let OP, the primary axis, be taken as 
the axis of the transformer which we have just studied. 

The linear diagram which we have just developed will apply 
to this axis without modification. It is reproduced in Fig. 66. 

The secondary current along the axis OP, however, is now only 
a component of the true secondary current along its own axis. 
We shall accordingly denote the components of the secondary 
current along OP by J"a and I''a- 
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Projecting these across on to the rotor axis OQ by lines perpen- 
dicular to OF we get I2 and J2 the true secondary currents when 
* = and * = 1. 

Compounding Ii with I2 vectorially we get lo the resultant 
magnetizing current when t = 0. Since Ji = we have J2 = Jo, 
the resultant magnetizing current when ^ = 1. The vectors lo 
and Jo now form the conjugate axes of our flux or M.M.F. ellipse, 
which we can immediately proceed to draw. The ratio of the 
semi-axis of this ellipse parallel to OQ to that perpendicular 
thereto will now be k, the ratio of the speed to synchronism. 
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Fig. 66. 



From this point of view it is quite possible to develop a com- 
plete theory of single-phase motors, taking all losses and leakages 
into account. It has the advantage of showing clearly the rela- 
tion between the space and the phase diagram. In the following 
chapter, however, we shall adopt a somewhat simpler view though 
still retaining the notation of the predent chapter and the 
method of considering the occurrences at two instants ^ = and 
t = 1 a quarter period apart. 



CHAPTER VIII 

THE EFFECTS OF TMAGNETIC LEAKAGE ON THE SERIES TYPE 

MOTORS 

We shall now endeavour to introduce into our argument the 
leakage effects which occur in each motor. In order to do this 
without complicating the argument more than absolutely neces- 
sary we shall first discuss leakage effects in general. 

In every machine there are three distinct fluxes. 

(1) The main flux crossing the gap and interlinking both rotor 

and stator conductors, proportional to the resultant of 
the stator and rotor currents. 

(2) The stator leakage flux interlinking the stator only, and 

proportional to the stator current only. 

(3) The rotor leakage flux interlinking the rotor, and propor- 

tional to the rotor current only. 

These three fluxes are physically distinct, but (1) and (2) both 
interlink the stator circuit and (1) and (8) both interlink the 
rotor circuit, producing E.M.P.'s therein that can be added 
vectorially. Therefore, we may represent these leakage E.M.F.*s 
by vectors or ellipses in the same way as any other E.M.P.'s. 
Since the leakage fluxes at constant frequency bear a definite 
ratio, as given in Chapter V., to these E.M.F.'s we may represent 
these also by vectors. 

The leakage flux corresponding to any current will in general 
be proportional to that current and in phase with it in time. It 
will, moreover, bear a constant ratio to the air-gap flux produced 
by the same current. In Chapter V. we adopted a convention 
whereby the same vector ellipse represented a current or the flux 
or M.M.F. corresponding to it, to different scales. We shall con- 
tinue this convention here and shall assume that the leakage flux 
and E.M.F. bears a constant ratio C to the air-gap flux or E.M.F. 
due to the same current. 

Hence, if a current be represented by a vector I its leakage 
E.M.F. will be of magnitude CI. There will in general be two of 
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these leakage coefficients or factors, the stator leakage coefficient 
Ci and the rotor leakage coefficient Cs. 

Hence any ellipse of current or current vector, whether in 
stator or rotor, is accompanied by a leakage E.M.F. C times as 
great. In the stator this leakage E.M.F. ellipse will be in quadra- 
ture with the current ellipse. If we have a given current 
ellipse flowing through the brushes of a commutator rotor, then 
at standstill we shall have a leakage E.M.F. ellipse C^ times as 
large. But when the rotor gets into rotation the leakage flux 
due to the current begins to cut the rotor conductors, and we 
get leakage E.M.F.'s of rotation. In fact, when running at 
speed k we shall have, in accordance with the results of 
Chapter IV. : 

The leakage E.M.F. induced in a rotor revolving at speed k by 
any leakage flux is equal to the standstill E.M.F. plus or minus 
k times its complement. 

The next points we must note are the following definitions : 

(1) The total stator flux is the resultant of the air-gap and 

stator leakage flux. 

(2) The total rotor flux is the resultant of the same air-gap flux 

and the rotor leakage flux. 

Corresponding to each we may draw a total rotor and a total 
stator flux ellipse. 

In the investigation we have just completed relating to ideal 
motors without losses or leakages, we had only to draw a single 
ellipse of E.M.F. as no E.M.F.'s existed save those due to the air- 
gap flux. We shall now find that this single ellipse sub-divides 
into three, which we may call, 

(a) The resultant rotor E.M.F. and flux ellipses. 

(6) The air-gap flux ellipse. 

(c) The resultant stator E.M.F. and flux ellipses. 

With these preliminaries we may proceed to the detailed discus- 
sion of the various types. 

The method of treatment, therefore, that we shall adopt, will 
be to assume a certain line current and draw a diagram, showing 
the leakage E.M.F.'s at standstill. We shall find that all our 
different types have practically identical diagrams when not 
running. We shall then consider the machine to be running 
at speed k, and shall investigate what further E.M«F.'8 arise due 
to the same current, 
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We shall occasionally find it desirable to make use of the 
following idea which is very often used in works on alternating 
currents. 

If we have two currents whose M.M.F.'s partially oppose one 
another, forming as it were the primary and secondary of a 
transformer, the actual flux of course will be due to the resul- 
tant of these currents; but it is quite permissible to consider 
each current as producing its own flux proportional to itself, and 
taking into account the saturation factor of the resultant flux if 
necessary. We can then compound these two ideal fluxes to get 
the resultant flux instead of compounding the currents directly. 

We shall find it convenient to divide the five series type 
motors we wish to discuss into two classes — (1) the repulsion 
type, including the ordinary, inverted, and compensated repul- 
sion motors, and (2) the series type, including the neutralized and 
induced series motors. These will be treated as far as possible 
in parallel columns, so as to bring out their essential resem- 
blances. 

The Repulsion Motors. 

There are three variations of the repulsion motor, known as 
the ordinary, inverted, and compensated repulsion motors and 
shown in Figs. 9, 11, and 13. 

The inverted type differs from the ordinary merely in that the 
stator is short-circuited, while the rotor is connected across the 
line, while in the compensated type the single primary coil 
often used in these two types (see Figs. 54 and 56) is resolved 
into two components, one parallel and the other perpendicular to 
the short-circuited axis, the latter being placed on the rotor. 

At starting, the three are identical and the only differences 
between them are those due to the different manners in which 
the E.M.F.'s of rotation are induced. 

We shall treat the ordinary and the inverted repiilsion motors 
in parallel columns to bring out the analogies and differences 
between them and shall then discuss the compensated type. 

The Repulsion Motor. The Inverted Repulsion Motor. 

As in Chapter V. the resul- As in Chapter V., the resul- 
tant rotor fiux will be OMf. tant stator flux will be 0M« (see 
(see Fig. 67) perpendicular to Fig. 68) perpendicular to OP, * 
OP; since OF is short-circuited, since OF is short-circuited. 
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Fig. 67. 



The air-gap flux will have a 
component M^M^ along OP 
necessary to induce an E.M.F. 
balancing the rotor leakage 
E.M.F. 

Hence OM^ will be the air- 
gap flux. The resultant stator 
flux \¥ill have a further com- 
ponent M^M, along OQ 
balancing the stator leakage. 
All these E.M.P.'s will be in 
phase in time, and therefore 
will be zero at the alternate 
instant. Projecting OM, on OQ 
the terminal E.M.F. will be 
OPa, equal and in quadrature 
with this projection. 

Running at speed k "with 
current unchanged. — All the 
E.M.F.'s and fluxes discussed 
above remain unchanged. As 
we saw, OM^, OM^, and OM, are 
the rotor, air-gap, and stator 



The air-gap flux will have a 
component M^M, along OP 
necessary to balance the stator 
leakage E.M.F. 

Hence OM^ will be the air- 
gap flux. The resultant rotor 
flux will have a further com- 
ponent M^M^ along OQ due to 
the rotor leakage. All these 
E.M.F.'s will be in phase in 
time, and therefore will be zero 
at the alternate instant. Pro- 
jecting OM^ on OQ the terminal 
E.M.F. will be 0F«, equal and 
in quadrature with this pro- 
jection. 

Running at speed k with 
current unchanged. — All the 
E.M.F.'s and fluxes discussed 
above remain unchanged. As 
we saw, OM^ was the air-gap 
flux producing an equal E.M.F. 
OF^ at standstill. It will now 
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fluxes respectively when t = 0,- 
but all these fluxes are no 
longer zero when * = 1. On 
the contrary, OM^ will now 
induce an E.M.F., OE^a = 
kOMg in the rotor perpendi- 
cular and in quadrature with 
itself, which has the component 



induce in addition an E.M.F. 
in the rotor OE^ = kOFg at 
right angles to it in space, and 
in quadrature in time. OE,. 
and OF^ will therefore form 
two conjugate diameters of our 
ellipse of resultant rotor E.M.F. 
which we can at once proceed 




Fig. 68. 



OE^ along OP. Since OP is 
short-circuited, OE^ must be 
balanced by an air-gap flux 
producing OE^, and a rotor leak- 
age flux 'EgEr. We can now 
draw three ellipses (1) the 
rotor flux ellipse with con- 
jugate diameters OM,. ON^, 
where ON,. = OE,. ; (2) the air- 
gap flux ellipse with diameters 
0M„ ON, (ON, = OE,), and 
(8) the stator flux ellipse with 
diameters OM,, ON, = ON,. 
Along the axis OB we have the 



to draw. Projecting it on OQ 
we get OEo, the terminal E.M.F., 
the magnitude of which fixes 
the scale of our diagram. 
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E.M.P. OP^ = OM^ Owing 
to the existence of the flux 
ON^ = OEy we have a counter 
E.M.F. in the rotor equal to 
A:OE, = A;^OP^ Hence while 
we have the E.M.P. OP^ along 
OE in the stator we have only 
(1 — fc^) OPr in the rotor along 
the same axis. The importance 
of this point we shall see later. 

The above calculation brings out clearly the analogies and 
differences of the two types. The stator E.M.P. ellipse in the 
one is identical with the rotor E.M.P. ellipse in tl;e other, but 
the existence of such a stator E.M.P. ellipse in the ordinary type 
involves the existence of a corresponding flux ellipse. In the 
inverted type, owing to the rotation E.M.P.'s being produced 
directly in the primary circuit, it involves no such thing, and the 
flux ellipse remains a straight line at all speeds. Another 
important difference is the following : Owing to the existence in 
the short-circuited circuit of an E.M.P. of rotation in phase with 
the primary current, the secondary current in the ordinary type 
can get out of phase with the primary and the torque can fall to 
zero at a certain definite speed. In the inverted motor, on the 
other hand, this is impossible, and the characteristics of this 
machine are identical with those of the neutralized series motor, 
as shown in Chapters I. and II. 

The Compensated Repulsion Motor. 

This differs from the ordinary repulsion motor only in that the 
single primary coil is resolved into two, and the coil perpendicular 
to the short-circuited axis OF is placed on the rotor as shown, by 
means of an extra pair of brushes. 

We saw above that the E.M.P. on the rotor along the axis OE 
was only (1 — A;^) times that in the stator, and hence by this 
construction we reduce somewhat the stator E.M.P. required to 
produce a given current, and since the E.M.P. along OE is in 
quadrature with the current, we also bring current and E.M.P. 
more nearly into phase. The effect of this construction on the 
diagram is shown below. 
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The flux distribution, etc., is obviously as in the repulsion 
motor and, in fact, the only variation is in the construction by 
which we find the stator E.M.F. First, let us re-draw the 
repulsion motor diagram (Fig, 67) exactly as before, save that the 
leakage E.M.F. M^M^is now parallel to OF like the stator coil (see 



/f 






Fig. 69. 



Fig. 69). The resultant stator E.M.F. ellipse still exists as before, 
but the terminal voltage is arrived at in a different manner. The 
E.M.F. across the stator coil is arrived at as before by projecting 
this stator ellipse on OP (no longer on OQ, we must note). Call 
this projection OY. 
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This E.M.F. has to be added to that on ORm the rotor. This, 
as we saw above, was OFa = (1 — k^) OM^ 
In order to compound these we proceed as in Chapter lY. 

p. 48. Draw a line OQ making an angle tan""^ — with OP 



n 



where n is the number of stator turns and ni the rotor turns. 

Compound OV and OFa into an ellipse (note, however, that 
they are not conjugate diameters, since they are not in time 
quadrature) and project the said ellipse on OQ. 
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Fig. 70. 



Another procedure, shown in the diagram, is to set out Fa equal 
to (1 — A?) F^, in accordance with above argument. Add FaFs = 
MgMg the stator leakage E.M.F. to OFa and compound with OE^,, 
which is in quadrature with OFs, so that OFa and OE^, are con- 
jugate diameters, and we can therefore draw the ellipse in a 
simple manner. 
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Projecting this ellipse on Q we get OEo, the terminal E.M.F. 

The projection of the stator E.M.F. ellipse on Q is also shown 
dotted, whence the redaction in the terminal E.M.F. which we 
obtain by this means is made evident. The improvement in the 
power factor is shown indirectly also. 

We shall now proceed to discuss the neutralized and induced 
series motors (Figs. 2 and 7) in parallel columns just as we did 
the ordinary and inverted repulsion motors and shall show that 
they bear exactly the same mutual relations. 



The Indtu:ed Series Motor. 

Starting. — This machine 
differs only from the neutralized 
series motor in that the neu- 
traUzing coil is excited from 
the line. Let OM^ (Fig. 71) be 
the field flux as usual, and M^M^ 
the armature and field leakage 
flux compounded. We suppose 
that the armature turns are 
equal to the primary turns. Set 
off a line OQ making an angle 

6 = tan"^-^ with OP, as in the 

neutralized motor, where n and 
ni have the same meanings. 
The resultant OM^ of the field 
and leakage fluxes has to be 
balanced by that induced from 
the primary winding. The 
resultant of these two, in accord- 
ance with our rule, will be 
their projection on OQ, and 

OC X Vn^ + 7ii2 would also 
represent the secondary ter- 
minal E.M.F. to an appropriate 

scale if we assume Vn^ -f wi^ 
to be the resultant secondary 
turns. This must be balanced 
by the E.M.F. in the primary 



The Neutralised Series Motor. 

Starting. — Since in the 
neutralized motor, armature 
and neutralizing coil exactly 
annul one another's M.M.F., 
there can only be leakage 
E.M.F.'s along the armature 
axis OP. Hence, just as in the 
motors above, we may set off 
OM, (Fig. 70) to represent the 
field flux, M^gto represent the 
neutralizing coil and field leak- 
age flux compounded, and 
M^M^ to represent the armature 
leakage flux. 
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coil of n turns. Projecting on 
OP is equivalent to multiplying 



n 



thus get OD. Hence OD = OC 
multiplied by the ratio of trans- 



n 



formation / g-v — a between 

primary and secondary and is 
therefore the primary induced 
E.M.F. Adding the leakage 
flux DEo we get the terminal 
E.M.F. OEo. The diagram 
makes it clear that the primary 
leakage flux might have, been 
added to the secondary leakage 
flux before projection. 



Rtmning at speed k. — We 
now have an E.M.r. 0E^ = 
WlFr along the axis OP in 
addition to those existing before, 
and the secondary terminal 
E.MJB". will be the projection 
on OQ of the ellipse resultant 
of OP^ and OE^, which are in 
quadrature and therefore con- 
jugate diameters. Projecting 
again on OP we get ODg, and 
adding the stator leakage 
E.M.F. as before we get the 
terminal E.M.F. fixing the scale 
of the diagram- 



Rwnnvng at speed k. — ^We 
now have an E.M.F. OE^ = 
A;OF« along the axis OP in 
addition to those existing before, 
and the terminal E.M.F. will 
be the ellipse which is the 
resultant of OF^ and OE^ pro- 
jected on a suitable axis. 
Following the rule of Chapter 
lY. we set off a line OQ making 

an anffle ta/rr^ — with OP 
" n 

where n = number of armature 

turns, and ni = number of field 

turns. We next compound 

OP^ and OE^ to give the ellipse 

shown, and project this on OQ 

to give the terminal E.M.F. 
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To summarise briefly our discussion of the five series type 
motors : 

Comparing the discussions we have given of 6ach, we see that 
all the diagrams show four E.M.F.'s, viz. : 

(1) The field volts, corresponding to the field flux. 

(2) The rotation volts, due to the rotation of the armature in 

the field flux. 

(3) A leakage flux along OP, the armature axis. 

(4) A leakage flux along OQ, the resultant axis of the field and 

neutralizing coils. 




/? 



Fig. 71. 



These four E.M.F.'s occur in all the motors, but in different 
motors they appear in different circuits. 

In the accompanying table the different circuits in which these 
four E.M.F.'s occur are given and also the symbols distinguishing 
them in the diagram. Since there is a flux corresponding to 
each of these E.M.F.'s except the rotation voltage, and this flux, 
in accordance with our convention, is represented by an equal 
vector, we have used the flux and E.M.P. symbols rather 
indiscriminately. It is, however, easy to replace flux symbols by 
E.M.F. symbols and vice versd (see p. 66). 
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Type. 


Field Volts. 


Rotation Volts. 


Repulsion — 
Ordinary 
Symbol 
Inverted 


Appear in 
Stator or Primary 

M, = P, 
Rotor or Primary 


Appear in 
Transf. to Stator 

Eotor 


Symbol 

Compensated 

Symbol 


M. = F. 

Rotor or Primary 

M, = F, 


E. 
Transf. to Stator 

E. 


Series — 






Neutralized . 


Stiator or Primary 


Eotor 


Symbol 
Induced 


M, = F, 
Stator or Secondary " 


E. 
Transf. to Stator 


Symbol 


M, = P. 


' E, 



Type. 



Repulsion — 
Ordinary 
Symbol 
Inverted 
Symbol 
Compensated 

Symbol 

Series — 
Neutralized . 
Symbol 
Induced 
Symbol 



Leakage along OP. 



Appears in 
Eotor or Secondary 

Stator or Secondary 

Eotor or Secondary 

M. = P„ 



Neutralizing coil 
Stator or Primary 



Leakage along QQ. 



Appears in 
Stator or Primary 

Eotor or Primary 



M,M, 



None. Stator leakage 

along OP 

M,M, 



Arm. and field in series 
Arm. and field in series 



» 

From this table one may build up the diagrams very simply. 

That these leakage E.M.F.'s must be represented by vectors 
along the axes of the circuits in which they occur follows from the 
fundamental principle of the system of space-vectors we employ. 
Since we have neglected resistance, and since every flux produces 
an E.M.F. exactly in quadrature with itself, these being the only 
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E.M.F.'s in the circuit, it is not hard to see that all these fluxes 
and E.M.F.'s are in phase with one another at starting. 

These two points being understood, and the magnitudes of the 
two leakage fluxes with relation to the field vector (which we 
assume to have an arbitrary length, say 10 cms.) being 
supposed known, we have only one more point to decide before 
we draw our diagram. 

In which of the two possible senses is any vector to be drawn ? 

Perhaps the simplest way to decide this is to remember that 
by adding leakage E.M.F.'s to an assumed field E.M.F. we can 
under no circumstances decrease the terminal voltage. The 
leakage E.M.F.'s should therefore be drawn in the sense which 
gives the greater terminal volts. 

Having decided these points we have simply to compound the 
three E.M.F. vectors that exist at starting and project them on 
the axis OQ, drawn in the manner described on p. 48, to get the 
terminal E.M.P. 

If we assume a constant current this diagram remains 
unaltered during running. 

The only difference consists in the addition of a rotational 
E.M.F. which either occurs directly in the primary circuit or is 
transferred thereto by transformer action. This E.M.F. must 
be suitably compounded with the other three to form the new 
terminal E.M.F. 

Owing to the fact, that all the fluxes are in phase with one 
another at starting, the air-gap flux ellipse necessarily reduces to 
a straight line. The rotation voltage is determined from the 
following facts : 

(1) It is at right angles to the E.M.F. corresponding to the 

starting air-gap flux in space, and in quadrature with it 
in time. 

(2) It is equal in magnitude to this starting E.M.F. multiplied 

b^ 1, _ speed 
•^ synchronism 

(8) Its ''sense" is such that (in a motor) it increases the 

terminal E.M.F. 

Having drawn this rotation voltage we compound it with the 

resultant of the three starting voltages to obtain the terminal 

E.M.F. It is in quadrature with all these E.M.F.*s, and therefore 

the resultant of the three and the rotation voltage form conjugate 

a2 
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axes of the ellipse. Having obtained this ellipse we project it on 
OQ ta obtain the terminal E.M.F. 

Thus the E.M.F. diagrams of all the different types of motor 
are identical, and also the starting flux diagrams. But under 
running conditions the flux diagrams are not identical. 

In the neutralized series and the inverted repulsion motors the 
rotation vdltage appears direct in the primary circuit, and no 
transformer flux is necessary to transfer it thereto. 

In the other three motors, however, conditions are different. 
In the ordinary and compensated repulsion motors the rotation 
voltage appears in a short-circuited coil. We accordingly find a 
magnetizing current in existence, and a corresponding flux inter- 
linking this short-circuited circuit, producing therein an E.M.F. 
which balances the rotation voltage. This E.M.F. is also 
produced in that portion of the stator circuit which may be 
assumed to be parallel to OP and consumes a component of the 
terminal voltage exactly equal to the rotation voltage. It is in 
reality the " component of primary voltage comumed by the field 
linking OP" which is shown in the diagram rather than the 
rotation voltage itself. Substantially the same remarks hold for 
the induced series motor. 

In studying the present chapter, the reader may find it useful 
to study the neutralized series motor first, as the simplest and 
best known, and obtain a clear understanding of the diagram 
from it before proceeding to apply the same diagram to the other 
motors. 



CHAPTER IX 

EFFECTS OF RESISTANCE, SATURATION, AND THE COMMUTATINa COIL 

Effect of Resistanoe. 

It is not difficult at the stage we have now reached to take 
account of the effect of resistance on our diagram. We shall 
confine the studies of the present chapter chiefly to the repulsion 
motor, as from what has been said above its application to other 
types will be fairly evident. 

We shall simply re-draw the diagram of Fig. 67 in Fig. 78 
and add the effects of resistance to it. 

We saw in Fig. 67 that at standstill all the vectors, represent- 
ing field or leakage E.M.F.'s, were in phase with one another, and 
reach their maxima at the same time, which we may call time 1. In 
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Fig. 72. 



accordance with our system of notation explained in Chapter VII., 
they will therefore be denoted by the symbol P. If now 
we consider the effects of resistance we shall have a stator 
resistance E.M.F. parallel to OQ and a rotor resistance E.M.F. 
parallel to OP ; these attain their maxima when T = 0, and are 
therefore in phase with the rotation E.M.F. and denoted by the 
symbol E. These E.M.F.'s are shown in the diagram as OE2, the 
rotor resistance E.M.F. and E^Es, the stator resistance E.M.F. 

We may now construct the starting flux ellipses for rotor, air- 
gap and stator. The airgap ellipse is drawn with OEa and OF^ 
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as conjugate diameters and the stator ellipse with OEs and OF, 
as conjugate diameters, the rotor ellipse remaining the same as 
before. We see that these ellipses are no longer mere straight 
lines, but are true ellipses, whose area is a measure of the power 
consumed. The stator ellipse is shown in Fig. 73. 

Running Conditions. 

During running we have simply to add the rotation voltage 
OE^ to the voltages at starting and re-draw the ellipses as we did 
in Chapter VIII. The manner of doing this is fully shown in 
the diagrams (Fig. 67) so need not be repeated here. 

The Effect af the Commutating Coil. 

One of the chief disadvantages of many methods of treating 
the present subject is that they take no account of the effect of 
the commutating coil, which is, nevertheless, one of the most 
important secondary effects in most of these machines. 

It is clear that a coil commutating under a given brush, as, for 
instance, the YY brush (Fig. 18), produces a M.M.F. at right angles 
to that of the circuit through the brush considered. It will 
therefore have in it the same system of E.M.F.'s as the circuit 
through another set of brushes perpendicular to the first, such as 
those shown at XX ; this system of E.M.F.'s will be reduced, of 
course, by the ratio of transformation between the whole armature 
and the commutating coil ; such a commutating coil circuit has 
a considerable local or leakage inductance and also a considerable 
resistance, due chiefly to the brush contact. We may, therefore, 
represent the effects on the field distribution by closing the 
imaginary XX brushes, by which we replace the commutating 
coil, through an inductance and resistance in series. We may 
thus say: — The effect of the commutating coil on the field 
distribution of any machine m^y he represented by replacing 
the coil by a circuit through a pair of hiishes electrically at 
right angles to that brush under which the coil commutates. 
This circuit is closed through an appropriate resistance and 
inductance equal to that of the commutating coil, multiplied by 
the squ/ire of the transformation ratio between the armature and 
the commutating coil. If the axis of this equivalent coil is the 
axis of the field, that is, if there is no field perpendicular to it in 
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space, and hence no E.M.F/s of rotation in it, we may place it on 
the stator instead, when it will appear as a tapping on the field 
coil, as has been done in Chapter I. (p. 8). 
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This is legitimate for the neutralised series motor, but not 
apparently for any other type. 

Effect of the Commatating Coil In the Repulsion Motor. 

We may suppose the circuit through the extra pair of brushes 
closed through inductance or through resistance and consider these 
cases separately. The two separate cases are shown in Fig. 72. 




-G 



PlO. 74. • 



Starting Conditions. 

(a) With Inductance only. 

First re-drawing the diagram of Fig. 67, Chapter YIIL, let us 
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consider the effect of the equivalent commutating coil, on the 
hypothesis of constant current. 

If the circuit through the XX brushes is complete, a current I3 
(see Fig. 74) will flow in them opposite in phase to the field 
current Ii". Its magnitude, of course, depends on that of the 
inductance in the XX brushes. 

The resultant flux OMa^ along the XX axis, therefore, and the 
E.M.F. corresponding OFa^ will be that due to the resultant of 
these two currents, so that Ii" — Is = OFar according to our 
convention. The two leakage E.M.F.'s are quite unaltered by 
the presence of the commutating coil, so that we can add these on 
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Fig. 76. 



as before, obtaining Fg^, and Fa,, the projection of which latter 
on OQ gives OE^a, the reduced termmal E.M.F. corresponding to 
the new state of affairs. Accordingly, we see that if the current 
remains constant the net result of the presence of the commutat- 
ing coil is to reduce the useful flux along the XX axis, while 
leaving the leakage fluxes unaltered. Turning now to the more 
practical case where the terminal E.M.F. remains constant, it is 
clear that since OE^, the terminal E.M.F., is fixed, 0F«, thestator 
E.M.F. ellipse (a straight line), if it varies at all can only move 
on the line E^T perpendicular to OQ (Fig. 75). 

Suppose Fi, is its value when the effect of the commutating 
coil is zero or the brushes do not bridge any segments, while Fa, 
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is its value when there is a certain commutating coil reaction. 
We saw above that the effect of this reaction is to exaggerate the 
leakage E.M.F.'s relative to the field E.M.F. Fa^, the leakage 
E.M.F.'s themselves being independent of the commutating coil 
reaction on constant current. 

Suppose we wish to determine what is the stator current 
corresponding to the E.M.F. Fa.. To do this we proceed as 
follows : — Produce OFi, OFi^ to A and B. Draw Unes through 
Fss ^20 parallel to OB to cut the above lines produced at A and 
B. Then OC will represent the stator current corresponding to 
OFsf to the same scale that OFi^ represents that corresponding to 
0Fu9 while OABC represents the various E.M.F. ellipses which 
would exist if the machine took the same current OC and had no 
commutating coil reaction. 

It is not hard to see the legitimacy of this construction. For 
the stator current is proportional to the leakage E.M.F.'8, while 
in the diagram 

OFi, _ Fi, Fi, 
OC ~ BC • 

Moreover, if OABC represents the various E.M.F. vectors or 
ellipses corresponding to the current OC on the hypotheses of no 
commutating coil reaction, it is clear that in the diagram corre- 
sponding to OFa, we have merely reduced the field E.M.F. Far with- 
out altering the leakage E.M.F.'s. This, we saw above, was the 
effect of the commutating coil on constant current. 

(b) With Resistance only. 

We now come to the case where the commutating coil is closed 
through resistance only. 

In Fig. 76 we repeat Fig. 74, save that the commutating 
coil current is now in quadrature with OIi", and is therefore denoted 
by OJsf &nd produces an E.M.F. OEs in quadrature with itself. 
To find the E.M.F. ellipses we must compound OE3 = Js with 
OFig as conjugate diameters giving the airgap flux ellipse, and 
with OFi^ giving the stator E.M.F. ellipse, of which the latter is 
shown in the figure. This investigation, of course, presumes a 
constant current. To calculate the effects of resistance in the 
commutating coil directly, on the hypotheses of constant terminal 
voltage, seems difficult, and we therefore leave it as a subject for 
future investigation, as also the case in which the commutating 
coH contains both inductance and resistance. 
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Saturation. 

It is quite easy on the present theory to take saturation fully 
into account. Its effect is to destroy the proportionality between 
the current and the flux with its corresponding E.M.F., which we 
have implicitly assumed by representing both by the same vector. 
We shall find that its effects on our diagram are much like those 
of the commutating coil closed through inductance. A similar 
train of argument leads to a similar result. 

Adopting first the hypothesis of constant current, and using the 
same diagrams as in the case of the commutating coil, where 
Fir> Fi^, Fi« represent the rotor, airgap, and stator E.M.F.'s in an 
unsaturated machine in which the field current is Ii". 



Fig. 76. 

Now suppose the main magnetic circuit to be saturated, the 
leakage magnetic circuits remaining as before. 

The main flux and its E.M.F. corresponding is reduced to OFg^, 
while the leakage E.M.F.'s remain as before. Projecting Fs, on 
OQ, we get OE^a, the terminal E.M.F. corresponding to the new 
state of affairs. 

Thus we see that if the current remains constant, the net result 
of the presence of saturation is to reduce the useful flux along the 
axis OR while leaving the leakage fluxes unaltered. 

We may now turn to the case of constant E.M.F. 

Our argument will be exactly the same as in the case of the 
inductive commutating coil. Since OEo, the terminal E.M.F., is 
fixed, 0F« can only move along E^T perpendicular to OQ. Suppose 
Fi« is its value when there is no saturation, .while Fa, is its value 
when there is a certain saturation. 
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To determine the stator current corresponding to the E.M.F. 
OFas produce OF^ and OFi^ to A and B. Draw lines through 
Fa« Ea^ parallel to OB to cut the above lines produced at A and B. 
Then OC will represent the stator current corresponding to OFa, 
to the same scale that OFi,. represents that corresponding to OFi^. 
The legitimacy of this construction may be proved exactly as above. 

Running CohditlonB. 

We have now discussed fairly fully the effect of the commutating 
coil and of saturation during starting, when they are most serious. 
Both these effects diminish as the speed increases and the field 
strength and current are reduced. Nevertheless, it is desirable 
to devote some attention to the running conditions. 

Effect of the ^Commutating Coil in Limiting the Speed of the 

Repulsion Motor. 

In order to make this point clear, it will be advisable to 
consider the ideal motor first, devoid of magnetic leakage. 

This is shown with its diagram in Fig. 77. 

We saw above (p. 75) that the rotor E.M.F. along OB was 
(1 — h^) times the stator E.M.F. along the same axis. This E.M.F., 
as we saw above, is that existing in the equivalent commutating 
coil circuit of Fig. 77, which we shall still suppose closed by 
self-induction. Accordingly, as the motor speeds up from stand- 
still the E.M.F. in the commutating coil goes down very rapidly, 
firstly because on constant terminal E.M.F. the strength of the 
field along OB decreases, and secondly because the quantity (1— A:') 
rapidly decreases also, becoming zero at synchronism, when 
A; = 1. It is for this reason that the effects of the commutating 
coil at starting are so much more important than at any other 
speed. At every speed below synchronism, of course, the current 
in the commutating coil opposes the stator current. Above 
synchronism, however, the quantity (1— A:^) becomes negative, 
and the M.M.F. of the commutating coil is reversed and assists 
the stator current. We must now investigate the effects of this. 

Let us return to the ideal motor of Fig. 54, supposed now to be 
fitted with an auxiliary set of .brushes equivalent in effect to the 
commutating coil. 

The flux distribution is absolutely determined by the rules 
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given on p. 61 qoile independent of the stator currents ; and 
the flux distribution, of course, determines the magnetizing 
current distribution. In our previous investigation the magnetiz- 
ing current along OR was simply the projection of the stator 
current on .OR. Now, however, it is the resultant of this 
projection and that of the current in the commutating coil. 

Since the resultant is invariable, being determined by the 
invariable flux ellipse, it follows that if the commutating coil 
current opposes the stator current, the latter must increase to 
preserve the resultant invariable ; this we also saw when investi- 
gating commutating coil effects at starting. Also, and this is the 
point of importance to us at present : — If the commutating coil 
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M.M.F. assists that of the stator current, the latter will be 
decreased, and if the M.M.F. of the commutating coil is sufficiently 
great it may even be necessary for the stator current to reverse 
in order to keep the resultant of the two invariable. 

If the stator current reverses, the machine becomes a generator 
instead of a motor, and hence a machine which is not driven 
externally will only run up to such a speed that the torque falls 
to zero just before the generator action commences. 

In the diagram if AB represents the commutating coil current 
(assisting the stator current), then OA will be the component of 
the stator current along OR. As AB increases OA of course 
decreases (since OB is invariable), and may finally be reversed. 

It is clear that the negative quantity (1— fc^) rapidly increases 
in value as the speed rises above synchronism when A: = 1, and 
in practice it is found that repulsion motors of moderate size, say 
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from 5 to 10 h.p., seldom rise above 1*5 to 1*75 times synchronism 
on no load. 

The Conmmtating Pole. 

The commutating pole is a device considerably used to improve 
the commutation of various types of motor during running. It 
is, however, quite ineffectual during starting, when the effects of 
the commutating coil are greatest, so that its advantages are 
strictly limited. 
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The object of the commutating pole is to produce a small local 
flux which may be cut by the commutating coil alone and not 
by the rest of the armature. It is accordingly made very 
narrow circumferentially, spanning one or two slots only. Its 
action is to induce in the commutating coil an E.M.F. of 
rotation adapted to annul either the transformer voltage due to 
the main field in quadrature with the field current, or the 
reactance voltage. 

This rotation voltage, of course, is in phase with the flux to 
which it is due, and hence if we wish the commutating pole to annul 
the transformer voltage due to the main field, the commutating 
pole flux must be in quadrature with the main current. Since 
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in a well-designed machine the main current will be approximately 
in phase with the E.M.F., such a commutating pole is often 
connected in shunt to the line. In this case the flux in it is in 
quadrature with the line E.M.F., and hence approximately in 
quadrature with the current, which is what is required. 

The commutating pole is also used to cancel the reactance 
voltage, in which case it is excited by series coils^ through 
which the main current flows in the same way as when .used on 
direct current. 

Hence commutating poles are usually excited by both series 
and shunt coils, the shunt coils being adjustable by hand. In 
some cases alternate commutating poles are excited with series 
and with shunt coils. The construction of a machine with 
commutating. poles is shown in Fig. 78, which shows both series 
and shunt commutating poles. Many different arrangements of 
commutating pole have been described by various inventors, but 
it is not the purpose of the present treatise to discuss them. 
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CHAPTER X 

COMPABISON OP THBORY WITH EXPERIMENT — CONCLUSION 

We have hitherto written on the assumption that every 
quantity has been a pure sine wave, and it is npw time to put 
ourselves on an unimpeachable logical basis in respect of this 
I matter, as it is well known that in existing machines the distri- 

bution of the windings is not a sine wave. 

Electricians have been long familiar with the ** equivalent sine 
wave " of, say, electric current, which is usually defined as being 
the sine wave which would give the same ammeter and watt« 
meter readiugs as the wave to which it is equivalent. Our theoiy 
is a generalization of this. We define an '' equivalent *' vector 
ellipse as an ellipse which gives rise to the same ammeter, volt- 
meter and wattmeter readings on two axes fixed in space as the 
distribution to which it is equivalent. 

In fact, if we take observations of magnitude and phase on two 
axes only, we get four observations, just enough to give us our 
ellipse. With observations on two axes only, it is possible to 
obtain one harmonic iq the general Fourier series, representing 
the' space distribution of our quantity, just as with two observa- 
tions, such as ammeter and wattmeter readings, we have just 
enough to determiae one harmonic in an ordinary alternating 
quantity and no more. Hence, our representation stands or falls 
with the " equivalent sine wave " of the ordinary theory. It is 
the '^ equivalent sine wave '' applied to space distribution. If we 
reject it, we must also reject the " equivalent sine wave " in time 
distribution which has been used so long. 

It may be remarked that the assumptions which we have used 
are also characteristic of almost all publications on the subject, 
although this may not be apparent, through the complications 
which many of them involve. An easy test may be applied as 
follows. If the theory in question is entirely free from vectors or 
from trigonometrical functions of any kind, other than Fourier 
series, it does not assume a sine wave, otherwise it does. Some 
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theories, it is true^ assume a sine wave in time only and not in 
space, but even this is not true of the usual treatment. 

It may not be out of place to give an illustration of this theory 
of an " equivalent vector ellipse." Suppose by taking point-to- 
point observations round the periphery of a machine we determine 

that the voltage distribution is 
that of the irregular figure 
shown in full lines in Fig, 79. 
Suppose also we take obser- 
. vations of voltage along the two 
axes OF and OR and of the 
phase of the two voltages 
relative to some fixed phase — 
four observations in all. From 
these four observations we draw 
an ellipse by the rules given above. This ellipse will be said to 
be the ellipse equivalent to the irregular figure. It is obviously 
the most general figure which we can draw from four observations 
only. 

With these preliminaries we may proceed to the main purpose 
of the present chapter. 

In the preceding chapters we have discussed the theoretical 
aspect of our vector ellipses fairly fully, so that in the present, and 
last, chapter we shall endeavour to bring 
our theory into direct touch with practice, 
by showing how such vector ellipses may 
be observed on actual machines and 
plotted to compare with theory. Let us 
start as usual with a repulsion motor of 
the type having two primary coils at 
right angles. In order to draw a com- 
plete series of curves of field distribution, 
it is only necessary to take the four 
observations shown in the diagram, viz. 
the voltages Vi and Va, across both stator 
coils separately Voi the volts across ter- 
minals, and the volts Vs at standstill 
across the rotor perpendicular to the short circuited brushes, all 
these voltages being those corresponding to some particular 
current. These observations must be taken at standstill and 
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also at some speed, k the current being the same in both cases. 
We are now in a position to draw by direct experiment the 
diagram we arrived at in Chapter YIH. 

(1) Set oflf Vo, Vi, and Va to form an E.M.F. triangle, and resolve 

Vi along and perpendicular to Va, giving Via and Vi^. 

(2) Note the turns n and ni on the two coils of the repulsion 

motor and the turns n^ between brushes on the rotor. 
(8) Reduce Via and Vi^ to the field circuit *by multiplying them 

by the transformation ratio -^. 

(4) Set off Va arid Vi6, as reduced, which are in phase with one 

another, at right angles as shown, giving a triangle OAB. 

(5) Reduce Va to the stator circuit by multiplying by the trans- 

formation ratio, giving 
y _ Y Stator condrs. (ni X 2) X Rotor circuits 
** '^ ' Rotor condrs. X Stator circuits 
At starting Vaa will only be slightly less than Va. 

From the point B set off a Une making an angle tan""' J 

withAB. 
From the point Vsa draw a line parallel to AB to meet the 
line BC in C. Draw the line OC. 

(6) Now set off from perpendicular to OA the voltage V^, 

as reduced, which is in quadrature with Va, giving OD. 
Then OB and OD are conjugate diameters of the stator 
E.M.F. ellipse, which we can immediately proceed to draw, 
and OC and OD are conjugate diameters of the airgap 
flux ellipse. 

This construction is applicable at all speeds or at 
standstill. In the latter case OD represents resistance 
effects, while, when the machine is running, it represents 
the counter E.M.F. as well. 

We may set off Vo along OQ and project the stator 
ellipse on OQ as a check. This projection should, of 
course, equal Vo. 

If we keep the current constant at all speeds by varying 

the terminal E.M.F. it will not be necessary to observe 

Vs for more than one case (standstill). 

By means of such observations as these the field distribution 

of any type of motor may be experimentally determined. The 

M. H 
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reader who is interested in some partictdar type of motor will not 

have much difficulty in devising a suitable set of observations for 

plotting the field distribution. 
By their means also a number of the secondary effects in 

the motor, notably the effects of saturation and the commu- 

tating coil, may be separated. The effect of the commutating 

coil at starting may be separated as 

follows. First take observations as 

^o^^ ., / I ^a above on the motor fitted with brushes 

in the usual way. Secondly, repeat the 
observations with the secondary circuit 
closed through contacts arranged on 
the commutator so as not to bridge the 

segments. Comparing these two sets of observations, we can 

separate the effect of the commutating coil. 
Saturation. — ^If it were not for saturation it is clear that the 

effect of increasing the terminal voltage would merely be to 
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increase all the vectors of the diagram (Fig. 82) in the same pro- 
portion. Apart from scale, therefore, the diagram would be the 
same for all voltages. 

If, therefore, we draw the diagram for several different voltages, 
any distortion which may occur on the higher voltages can only 
be due to, and is a measure of, the saturation. The effect of 
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saturation may therefore be separated out by drawing diagrams 
based on observations taken at several different terminal voltages^ 
and plotting them to such different scales that the varying terminal 
voltages are always represented by the same length. 

Before concluding we must introduce a caution with regard to 
the plotting of ellipses of E.M.F., etc.» from point-to-point obser- 
vations, which is absolutely essential if we are not to fall into 
hopeless confusion. 

The natural way to plot these observations would be the 
following : — 

Suppose we have a 2-pole drum-wound machine having, say, 
only 16 coils on it, as shown in Fig. 88. Take observations of 
the voltage (R.M.S.) across each 
coil, and set it out along an axis 
OR perpendicular to the plane of 
the coil. 

What result will such a pro- 
cedure give us? Suppose the 
flux threading the coils and its 
accompanying E.M.F. to be 
elliptical in form. We saw in 
Chapter III. that the maximum 
(and therefore R.M.S.) E.M.F. or 
flux along an axis is given by the 
projection of the flux ellipse on that axis. 

Hence in Fig. 88 the voltage Yi across any coil is found by 
projecting the ellipse on a line OR perpendicular to its 
plane. 

Projecting the ellipse on a number of equidistant radii in the 
manner shown, and drawing the curve of intersections of these 
radii with tangents perpendicular to them, we get, not an ellipse, 
but the pedal curve of an ellipse with respect to the point 0, a 
curve with two lobes touching the ellipse at the extremities of its 
axes. When we have observed this pedal curve, we can, of course, 
easily determine the axes of our ellipse, which are the axes of 
symmetry of our curve. When we know the axes we can 
draw the ellipse by the trammel method or otherwise. If, how- 
ever, we do not wish to assume that our flux distribution, etc., is an 
ellipse, we can And out its actual nature by reversing the con- 

h2 ^ ' 
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Btruction by which we drew the pedal curve. The curve enveloped 
by the tangents is then the curve of j9ux distribution. 

Such ellipses of E.M.F. could only be observed directly by 
connecting an oscillograph to a synchronously revolving contact 
maker, which would exactly follow the radius vector of the ellipse 
as it goes round the curve. The intercept of the ellipse on any 
axis does not, of course, represent the maximum E.M.F. on that 
axis, but merely its instantaneous value at the moment the radius 
vector passes the axis. 

The object of the present treatise may now be said to be 
accomplished. We have developed from first principles a direct 
method of investigating the distribution of flux, current, and 
E.M.F. in single-phase motors which never loses sight of physical 
principles. We have discussed fairly fully all thbse secondary 
effects that make all the difference between a good machine and a 
bad one, and have brought our theories into direct touch with 
practice, by showing how the diagrams to which they lead may be 
plotted from experimental observations. Much, of course^ remcuuis 
to be done in amplifying our investigations, applying them to new 
types of machine, etc. ; but enough, it is believed, has been 
accomplished to show that the method of the present treatise is a 
useful weapon of research, leading directly and without circum- 
locution to just those results which the designer requires. 
Accordingly, at this point we leave the matter, in the hope that 
other writers may take it up, and fill any gaps which may be 
found in the present treatise. 






APPENDIX 

Rbperence Propositions in the Geometry of the Ellipse 



Prop. 1. — ^Five conditions 3 
are requisite to determine an 
ellipse. These may take an 
nnlimited number of forms, 
such as 

(a) Five points. 

(b) Five tangents, 

(c) Two pairs of conjugate 

diameters* and one 
point or one tangent. 

(d) One pair of conjugate 

diameters and three 
points or three tan- 
gents. 

(e) The foci and one point 

or one tangent (the 
foci each count as two 
conditions). 

(f) The centre and three 

points or three tan- 
gents (the centre, 
also, counts as two 
conditions). 
By means of the proposi- 
tions which follow, a set of 
conditions of one kind may 
in most cases easily be con- 
verted into a set of another 
kind. 




Fig. 84. 



* A diameter here means merely a line of indefinite length passing 
through the centre. Proofs of these propositions will be found in Beye's 
"Projective Geometry" (Macmillan), to which the writer is indebted for 
most of his information on the geometry of the ellipse. 
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All the ellipses wifch which we shall deal will be concentric, their 
centre being that of the machine under study, so that, actually, only 
three independent conditions will be necessary to determine them. A 
fourth is required, of course, to determine the position of the phase- 
arrow, making in all the four which we saw above were necessary to 
determine a vector ellipse completely. 

Prop. 2. — Pascal's theorem. The three pairs of opposite sides of any 
hexagon inscribed in a conic intersect in three points which lie on one 
straight line (Fig. 84). 

By the '' opposite *' sides of an irregular hexagon are meant the first 
and fourth, second and fifth, and third and sixth. 

Prop. 8. — Brianchon's theorem. The three straight lines joining 
opposite comers of a hexagon circumscribed about a conic meet in a 
point. As before, by ** opposite " comers are meant the first and fourth, 

second and fifth, and third and sixth. The 
"comers,'' or vertices, of course, are the 
intersections of consecutive sides (Fig. 85). 
We have just seen that five points or five 
tangents are sufficient to determine an 
ellipse. The principal use of Pascal's and 
Brianchon's theorems to us will be to 
enable us, when we have five points, to 
draw the tangents at these points, or when 
we have five tangents, to determine their 
points of contact with the curve. They 
will also enable us, when we have five points 
or tangents, to draw an unlimited number 
of further points or tangents and so outline 
the curve. 

If in a hexagon inscribed in a conic two adjacent corners or vertices 
approach indefinitely near to one another, the side joining them assumes 
the position of a tangent to the curve and our hexagon reduces to an 
inscribed pentagon and a tangent at one of its vertices (see Fig. 86). 

Similarly, if in a hexagon circumscribed to a conic two adjacent 
sides approach indefinitely near to each other, in place of the vertex in 
which they intersect we have a point of contact and hence our circum- 
scribed hexagon becomes a circumscribed pentagon with one point of 
contact with the curve (see Fig. 87). 

When the sixth side of the hexagon vanishes, we can no longer speak 
of "opposite" sides of the pentagon which remains. Instead of 
" opposite " we must read ** non-adjacent," as a slight examination of 
Figs. 86 and 87 will show. 
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With the aid of the above remarks we may imtnediately dedace from 
Pascal's theorem the following constraction : 

Prop. 4. — Given five points on a conic, 1, 2, 3, 4, 5, to draw the 
tangents at these points. 





Fig. 86. 



Fig. 87. 



Find the point of intersection of the straight line joining 1, 2 (Pig. 88) 
with that joining 3, 4. Call it A. Find the point of intersection of the 




Fig. 88r. 



straight line joining 2, 3 with that joining 4, 6. Call it B. Draw a 
line through AB and find the point of intersection of the remaining 
side 5, 1 with AB. Call it C. Draw the line C 3. This will be the 
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Fig. 89. 



tangent at the point 8. The point 3 may, clearly, be any of the five 

points, so we may draw the tangents at any of them by this method. 

Prop. 6. — Given any five tangents to a 
conic to find their points of contact with the 
curve. 

To find the point of contact of the tangent 
c, for instance (Fig. 89), we join the point of 
intersection 2 of the tangents ah to the point 
of intersection 4: of cd and the point of inter- 
section 5 of £^ to the point of intersection 8 
of be. Let A be the point of intersection of 
the lines so drawn. Now join the remaining 
point of intersection 1 of a« to A and the 
intersection of this last line with the tangent c 
at 6 will be the point of contact of c with the 
curve. Similarly, we may find the points of 
contact of the other tangents. 
Obher important propositions are the 

following, whereby, having five points or five tangents, we may draw an 

unlimited number of further points 

or tangents. 
Prop. 6. — Given five points, 1, 2, 

8, 4, 5, on a conic (Fig. 84) to 

determine another point 6. Draw 

the lines joining 1, 2 and 4, 5 to inter- 
sect in A. Draw anj/ line ABO 

passing through A and find the 

points of intersection of the line 

joining 2, 8 and of the line joining 8, 

4 with it. Call these B and C re- 
spectively. Join B to 5 and C to 1. 

Then the intersection 6 of these last 

two lines will be a point of the curve. 
By repeating this construction, one 

may clearly find any number of new 

points, simply varying the direction 

of the line ABC through A. 
A similar proposition enables us 

to draw a sixth tangent, when five 

are given. 
Prop. 7. — ^These five tangents will intersect in the five vertices shown 

in Fig. 90 as 1, 2, 8, 4, 5. Join the vertices 1 and 4. Choose any 
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point A upon the line as drawn. Join 2 and A and 3 and A and find 
the intersections Biind of these lines with the lines 4, 5 and 5, 1 
respectively. The line BC will be a tangent to the curve. By varying 
the point A any number of tangents may be drawn. 





Fio. 91. 



Fia. 92. 



Prop. 8. — The diagonals of any parallelogram circumscribed to a conic 
are conjugate diameters of the curve. 

Prop. 9. — ^The sides of any parallelogram inscribed in a conic are 
parallel to a pair of conjugate diameters. 




Fia. 93. 



If we have a parallelogram circumscribed to an ellipse (Fig. 91) and 
an inscribed parallelogram whose sides are parallel to the diagonals of the 
circumscribed parallelogram, then the vertices of the inscribed will be 
the points of contact of the circumscribed parallelogram. 
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This is a very simple conetniction for finding the points of contact 
of a conic with the circumscribed parallelogram, if we know one of 
them. 

Prop. 10. — Giren two pairs of conjugate diameters, ah and cd and 
one point P to determine any.number of further points (Fig. 92). 

Draw the diameter passing through P and find its second intersection 
Q with the curve from the fact that PQ is bisected at the centre. With 
PQ as diagonal, construct two parallelograms, the sides of each parallel 
to one of the given pairs of conjugate diameters. 

The two new pairs of vertices, RT and SV, of the parallelograms 
so determined lie upon the curve. This process may then be repeated. 

X 




Fig. 94. 



Prop. 11. — Given two pairs of conjugate diameters, ab and cd and 
one tangent T, to find any number of further tangents (Fig. 93). 

Draw another tangent S at the opposite end of a diameter from T and 
complete the two parallelograms whose diagonals are ah and cd 
respectively, and two of whose sides are S and T. This gives four new 
tangents, with the aid of which we may repeat the above process. 

It should be noted that these propositions relating to parallelograms 
are peculiarly important to us, as, since the centre of our ellipse is 
always known, two points or two tangents only are sufficient to 
determine a parallelogram. They are both simpler and give more 
rapid results than the more general propositions deduced direct from 
Pascal's and Brianchon^s theorems. 
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Prop. 12. — To determine the major and minor axes from two pairs of 
conjugate diameters, aal and hV. 

Through the centre S of the curve, in which the conjugate diameters 
intersect, pass an arbitrary circle cutting one pair of conjugate diameters 
in AA' and the other in BB' (Pig. 94). Join AA' and BB', and through 
U, their point of intersection, draw a line passing through the centre of 
the circle. This will cut the 
circle in XX'. The lines SX 
and SX' are now the axes 
which we seek. Note that 
since XX' is a diameter of 
the circle, the axes are at 
right angles; 

Prop. 13.— To find the foci 
when the axes, a tangent, and 
its point of contact with the 
curve, are given. 

Let A be the tangent (Fig. 
95), f the point of contact, 
and C the minor axis. Draw 
a line perpendicular to A 
through J3 cutting C in a. 
Let A cut C in h. Draw a 
circle through ahp (a semicircle on aV) cutting the major axis in ef. 
Then ^will be the foci. 

To find the length of the major axis. 

Note that jij/*+ ep is equal to the length of the major axis. 

By striking an arc fix)m one of the foci of radius equal to half the 

major axis and cutting the minor 
axis, we get ^, A, the extremities 

of the minor axis. 

Prop. 14. — One of the most 

convenient practical methods of 

plotting an ellipse point by point 

is the well-known trammel method, 

which presupposes a knowledge of 

the axes and their lengths. 

First draw the axes (Fig. 9 6), then set off on a separate piece of paper, 

the major axis AO and the minor axis AB. If we move the separate piece 

of paper or trammel so that B moves along the major and along the 

minor axis, then A will describe the ellipse. 

Most of the above purely geometrical propositions relate to the 
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ordinary ellipse where no considerationg of phase arise. The vector 
ellipse requiring a phase-arrow to complete its specification will be 
discussed below. 

Addition of Vector Ellipsis. — If we have two vector ellipses which we 
require to add, we may either add corresponding radii vectorially at 
every point and so plot out the resultant ellipse, or we may draw a pair 
of corresponding conjugate diameters in each ellipse and add these 
vectorially. This will give a pair of conjugate diameters of the resultant 
ellipse and their lengths, t.^., two points on each whence we can draw 
the ellipse by the constructions given abo7e. 

For instance, let ah and a^V 
(Pig. 97) be a pair of conjugate 
diameters of each ellipse and let 
them correspond to the same in- 
stants, «.«., a to a' and h to V. Let 
a + a' - a" and h +V = h" when 
added vectorially. Then a" and V 
will be conjugate diameters of the 
resultant ellipse. 

Having a" and If^ we can clearly, 
from the definition of conjugate 
diameters, draw at once a parallel- 
ogram circumscribing the ellipse, 
the four extremities of the two 
conjugate diameters being its 
points of contact. This will be 
sufBicient to enable us to sketch in 
the resultant ellipse with very fair 
accuracy. If fhrther accuracy is 
desired, we can draw more tangents 
by Prop. 11, or find the major and 
minor axes by Prop. 12, since we now have four conjugate diameters, 
the original pair and the diagonals of the parallelogram. We could 
then find the foci by Prop. 13, and then apply the tranmiel method of 
plotting the ellipse. 

It will be found, however, that once in possession of five or six 
tangents, particularly when their points of contact are known, an ellipse 
can be sketched in with an accuracy hard to beat by a regular construc- 
tion. It is very seldom, in fact, that these complete constructions are 
required. 

The Multiplication of Vector Ellipses, — In order to calculate several 
quantities which will be of importance to us, such as the torque due to 
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an ellipse of flux and an ellipse of carrent, or the power corresponding 
to an ellipse of E.M.F. and an ellipse of current, it will be necessary to 
investigate the multiplication of yector ellipses. 

For purposes of multiplication, we may resolve each ellipse into two 
oscillating vectors along conjugate diameters and in quadrature with 
one another. Let the two conjugate diameters of one ellipse be ab and 
those of the other a'V (Fig. 98). Now a' is In quadrature with b and 
V with a, and hence the mean product of a'b and ab' is zero over 
a complete period. We have, therefore, only to deal with aa' and bb'. 

Now, considering each of the conjugate diameters as an independent 
oscillating vector representing, say, a flux distribution for a and b^ and 
a carrent distribution for a' and b\ /\ 

then the torque due to a and a' will be 
proportional to the projection of a' 
perpendicular to a. For a flux and a 
current having parallel axes in space 
will produce no torque, but merely an 
attraction or repulsion. Hence the 
torque due to a and a' will be propor- 
tional to aa' sin 6, 6 being the angle 
between them. It is, in fact, propor- 
tional to the area of the parallelogram 

confltructed on aa' as sides which is, of „ ^^ 

, . ' Fio.98 

course, aa sm a. 

Similarly, the torque to bb' is bb' sin )3, being the angle between b 
and b'. 

The product now under discussion will be called, for the present, the 
sine-product. 

Hence we have : 

The sine-product of any two ellipses whose corresponding conjugate 
diameters are ab^ a'b'^ respectively, the angle between aa' being a and 
that between bb' being fiisaa' ema + bb' sin fi. 

Similarly, we may define a cosine product which we shall require in 
discussing the power due to an elliptical polyphase distribution of 
E.M.F. impressed on a circuit in which flows another elliptical distribu- 
tion of current. In such a case, if ab are the conjugate diameters of the 
E.M.F. ellipse, and a'b' of the current ellipse, then aa' cos a + bb' cos 
P will be the power. 




INDEX 



Addition of vector ellipses, 108 
Adjustable speed shunt machines, 

64 
Arnold and La Cour, 22 
Atkinson, 2 

on commutator induc- 
tion motor, 9 
Axes of ellipse when oppositely 
rotating vectors given, 
37 
conic found from two 
pairs conjugate dia- 
meters, 107 



Behn-Eschenberg, 23 
Bethenod, 23 
Blondel, 23 
Bragstad, 23 
Brianchon's theorem, 102 



CiBCLE diagram, 14 

Circular locus of current vector, 16 

Commutating coil, 3 

in the repul- 
sion motor, 
86,87 
poles, series and 
shunt, 93 
Compensated repulsion motor, 7, 
21, 76, 77, 78 
current in, 56 

flux and E.M.F. in ideal, 55 
Compensated shunt motor, 13 
Complement of a vector ellipse, 40 

oscillating vector, 
40 
Conditions required to determine 

an ellipse, 101 
Conjugate diameters, 34, 35 

are in quad- 
rature, 35 
Connections of circuits, 45 
Construction for E.M.F. in series 
rotor and stator circuit, 46 



Conventions as to notation, 49 
Cosine-product of two vector 
ellipses, 109 



Describtiok of conic from two 
pairs conjugate diameters and 
a point or tangent, 106 
Diagrammatic notation for dy- 
namo-electric machine, 2 
Difference between series and 

repulsion type motors, 84 
Difference between starting and 
running diagrams of series type 
motors, 84 
Drawing conic from Ave points, 
103, 104 
conic from Ave tangents, 

103, 104 
ellipse when conjugate 
diameters known, 36 
Dyhr, 22 



Effect of commutating coil at 
starting, 87 
saturation with con- 
stant current, 90 
saturation with con- 
stant E.M.F., 90 
Eichberg, 6 

Ellipse as plan view of circle, 32 
projection of circle, 35 
of E.M.F., 38 
specified by four quan- 
tities, 29 
EUiptic field, 24 

motor, 1 
E.M.F. due to elliptic fiux, in re- 
volving rotor, 43 
in revolvmg rotor, 41, 42 
in revolving rotor, at 
various speeds, 45 
Equivalent conductive motor, 6 
sine wave, 95 
vector ellipse, 96 



112 



INDEX 



Field exoitation in shunt-type 

machine, 9 
Flux distribution in single-phase 

compensated motor, 62 
Foci of conic, 107 
Four distinct voltages in every 

series-type motor, 81 
Fraenckel, 23 
Fundamentid assumptions, 24 



Geometry of ellipse, 34 
Goldschmidt, 22 



Illustration of theory of equiva- 
lent vector ellipse, 96 
Impedance, 4 

equation, 15 
Induced series motor, 4, 20, 79, 80 
flux, if.M.F., and current in, 
56 
Inductance and capacity in shunt- 
type motors, 12 
Instantaneous value of vector, 27 
Inverted repulsion motor, 4, 20, 
74,75 
current in, 54 
E.M.F. in ideal, 53 



K, the speed, 14 



La Cour, 23 
Latour, 23 
Leakage factors, 72 
Linear diagram of ideal trans- 
former, 68 



Maqnetising current in single- 
phase induction motor, 59 
M.M.F. along any axis, 31 
Multiplication of vector ellipses, 
109 



Neutralised series motor, 3, 52, 
79, 80 
flux distribution in ideal, 52 
New vector diagram, 26 
Notation for vectors, 66 
Number of different BerieB-t3rpe 
motors, 49 



Numerical relation between flux 

and E.M.F. ellipse, 38 
Numerical relation between flux 

and M.M.F. ellipse, 39 



OsNOS, 23 



Parallelograms circumscribed 

to conic, 105 
Parallelograms inscribed to conic, 

105 
Pascal's theorem, 102 
Pedal curves, 99 
Phase arrow, 27 

compensation by polyphase 

currents, 60 
compensation with single - 

phase currents, 61 
diagram of ideal trans- 
former, 67 
Plotting ellipses from point to 
point observation, 99 
flux distribution from ex- 
periment, 96, 97 
Projection of ellipse, 31 



Radius vector, position at any 

time, 33 
Eeciprocal diagrams, 15 
Repulsion motor, 6, 17, 51, 73, 74 
current in, 54 

flux distribution in ideal, 51 
Resistance in repulsion motor at 

starting, 85 
repulsion motor dur- 
ing running, 86 
series-type motors, 
85 
Resultant ellipse, 29 

of harmonically vary- 
ing vectors, 29 
two vectors, 28 
Richter, 23 
Rotor leakage flux, 39, 71 

resistance in single-phase 
induction motors, 62 
Rules for drawing diagrams of 
series-type motors, 83 



SCHNITZLER, 23 

Secondary current in repulsion 
motor, 18 



INDEX 



118 



Separating effects of commutating 

coil, 98 
Separating effects of saturation, 98 
Shunt coif in transformer reduc- 
tion, 5 
conduction motors, 12 
type machine, 8 
type motor, field excitation 
of, 58 
Sine-product of two vector ellipses, 

109 
Sine wave assumption used in all 
publications on this subject, 95 
Single-phase induction motor, 58 
induction motor, flux 
distribution of, 58 
series motor, 15 
Speed adjustment by armature 
control, 64 
adjustment by field con- 
trol, 65 
limitation of repulsion 
motor by commutating 
coU, 91, 92 
variation of shunt-type 
motor, 11 
Stator leakage flux, 39, 71 
Steinmetz methods, 14 



Table of voltages in series-type 

motor, 82 
Tangent to ellipse, 35 



Three flux ellipses in machines 

with leaka^, 72 
Torque in series motor, 17 

• of repulsion motor, 19 
Total rotor flux, 39 
stator flux, 39 
Trammel method of plotting 

ellipse, 107 
Tranidormer reduction, 4 
Two circuits at right angles con- 
nected in series, 47 



Varying impedance of commu- 
tating coU on constant E.M.F., 
88,89 
Varying impedance of commu- 
tating coil on constant current, 
88 
Vector representihg harmonic 
quantity, 26 
requires three quantities 

known, 27 
representation of E.M.F.S, 

30 
representation of current, 

30 
representation of fluxes, 
30 
Vectors a quarter period apart, 66 



Wilson and LydaU, 22 



V7V\\ or 



NOV 10 1913 



BRAOBrRT, 40MBW, & OO. LD., FRINTBBS, LONDOS AND TOMBBIDGE. 



M. 



'L 



r 



D. VAN NOSTRAND COMPANY 

25 PARK PLACE 
New York 

SHORT=TITLE CATALOG 

OP 
OF 

SCIENTIFIC AND ENGINEERING 
BOOKS 



mis list includes the technical publications of the following 
English publishers: 

SCOTT, GREENWOOD & CO. CROSBY LOCKWOOD & SON 

CONSTABLE & COMPANY, Lid. TECHNICAL PUBUSHING CO. 

ELECTRiaAN PRINTING & PUBLISHING GO. 

for whom D. Van Nostrand Company are American agents. 



February, 1913 

Short-Title Catalog 



OF THB 



Publications and Importations 



OF 



D. VAN NOSTRAND COMPANY 

25 PARK PLACE, N. Y. 

Prices marked tvith an asterisk (*) are NET. 
All bindings are in cloth unless otherwise noted. 



ABC Code. (See Clausen-Thue.) 
Az Code. (See Clausen-Thue.) 

Abbott, A. V. The Electrical Transmission of Energy. 8vo, *$5 oo 

— A Treatise on FueL (Science Series No. 9.) i6mo, o 50 

Testing Machines. (Science Series No. 74.) i6mo, o 50 

Adam, P. Practical Bookbinding. Trans, by T. E. Haw zamo, *2 50 

Adams, H. Theory and Practice in Designing 8vo, *2 50 

Adams, H. C. Sewage of Sea Coast Towns Svo, *2 00 

Adams, J. W. Sewers and Drains for Populous Districts 8vo, 2 50 

Addyman, F. T. Practical X-Ray Work 8vo, *4 00 

Adler, A. A. Theory of Engineering Drawing 8vo, *2 00 

Principles of Parallel Projecting-line Drawing 8vo, *i 00 

Aikman, C. M. Manures and the Principles of Manuring 8vo, 2 50 

Aitken, W. Manual of the Telephone 8vo, *8 00 

d'Albe, E. E. F., Contemporary Chemistry z2mo, *z 25 

Alexander, J. H. Elementary Electrical Engineering Z2mo, 2 00 

Universal Dictionary of Weights and Measures 8vo, 3 50 

** Alfrec." Wireless Telegraph Designs 

Allan, W. Strength of Beams Under Transverse Loads. (Science Series 

No. 19.) i6mo, o 50 

Theory of Arches. (Science Series No. 11.) i6mo, 

Allen, H. Modern Power Gas Producer Practice and Applications.. Z2mo, *2 50 

Gas and Oil Engines 8vo, *4 50 

Anderson, F. A. Boiler Feed Water 8vo, *2 50 

Anderson, Capt. G. L. Handbook for the Use of Electricians 8vo, 3 00 

Anderson, J. W. Prospector's Handbook » Z2mo, i 50 

And^s, L. Vegetable Fats and Oils Pvo, *4 00 

Animal Fats and Oils. Trans, by C. Salter 8vo, *4 00 

Drying Oils, Boiled Oil, and Solid and Liquid Driers 8vo, *5 00 

Iron Corrosion, Anti-fouling and Anti-corrosive Paints. Trans, by 

C. Salter 8vo, *4 00 



D. VAN NOSTRAND COMPANY'S SHORT TITLE CATALOG 3 

Andte, L. Oil Colors, and Printers' Ink. Trans, by A. Morris and 

H. Robson 8vo, *2 50 

— — Treatment of Paper for Special Purposes. Trans, by C. Salter. 

i2mo, *2 50 

Andrews, £. S. Reinforced Concrete Construction lamo, *i 2$ 

Annual Reports on the Progress of Chemistry. 

VoL I. (1904) 8vo, *2 00 

VoL II. (iQOS) 8vo, *2 00 

Vol. ni. (1906) 8vo, *2 00 

Vol. IV. (1907) 8vo, *2 00 

Vol. V. (1908) 8vo, *2 00 

Vol. VI. (1909) 8vo, *2 00 

VoL Vn. (1910) 8vo, *2 00 

Vol. Vni. (1911) 8vo, *2 00 

Argand, M. Imaginary Quantities. Translated from the French by 

A. S. Hardy. (Science Series No. 52.) i6mo, o 50 

Armstrong, R., and Idell, F. £. Chimneys for Furnaces and Steam Boilers. 

(Science Series No. i.) i6mo, o 50 

Arnold, £. Armature Windings of Direct-Current Dynamos. Trans, by 

F. B. DeGress 8vo, *2 00 

Ashe, S. W., and Keiley, J. D. Electric Railways. Theoretically and 

Practically Treated. VoL I. Rolling Stock. i2mo, *2 50 

Ashe, S. W. Electric Railways. VoL H. Engineering Preliminaries and 

Direct Current Sub-Stations Z2mo, *2 50 

— '— Electricity: Experimentally and Practically Applied i2mo, *2 00 

Atkins, W. Common Battery Telephony Simplified i2mo, 

Atkinson, A. A. Electrical and Magnetic Calculations. 8vo, *z 50 

Atkinson, J. J. Friction of Air in Mines. (Science Series No. 14.) . . z6mo, o 50 
Atkinson, J. J., and Williams, Jr., E. H. Gases Met with in Coal Mines. 

(Science Series No. 13.) i6mo, o 50 

Atkinson, P. The Elements of Electric Lighting i2mo, z 50 

The Elements of Dynamic Electricity and Magnetism Z2mo, 2 00 

— Power Transmitted by Electricity Z2mo, 2 00 

Auchincloss, W. S. Link and Valve Motions Simplified 8vo, *i 50 

Ayrton, H. The Electric Arc 8yo, *5 00 

Bacon, F. W. Treatise on the Richards Steam-Engine Indicator . . Z2mo, z 00 

Bailes, G. M. Modern Mining Practice. Five Volumes 8vo, each, 3 50 

Bailey, R. D. The Brewers* Analyst 8vo, *5 00 

Baker, A. L. Quaternions 8vo, *z 25 

Thick-Lens Optics Z2mo, *z 50 

Baker, Benj. Pressure of Earthwork. (Science Series No. 56.)...z6mo) 

Baker, I. 0. Levelling. (Science Series No. 9Z.) z6mo, o 50 

Baker, M. N. Potable Water. (Science Series No. 6z.) z6mo, o 50 

Sewerage and Sewage Purification. (Science Series No. z8.). . z6mo, o 50 

Baker, T. T. Telegraphic Transmission of Photographs z2mo, *z 25 

Bale, G. R. Modem Iron Foundry Practice. Two Volumes. z2mo. 

VoL I. Foundry Equipment, Materials Used *2 50 

VoL n. Machine Moulding and Moulding Machines *t 50 

Bale, M. P. Pumps and Pumping z2mo, z 50 

Ball, J. W. Concrete Structures in Railways, (/n Presi,) Svo, 



4 D. VAN NOSTRAND COMPANY'S SHORT TITLE CATALOG 

Ball, R. S. Popular Guide to tfaa Heavena 8vO| *4 50 

-■ — Natural Sources of Power. (Westminater Series.) .8vo, *2 00 

Ball, W. V. Law Affecting Bngineers 8vo, *3 50 

Bankson, Lloyd. Slide Valve Diagrams. (Science Series No. zo8.) . z6mo, o 50 

Barba, J. Use of Steel for Constructive Purposes z2mo, i 00 

Barham, G. B. Development of the Incandescent Electric Lamp. . . . 8vo, *2 00 

Barker, A. Textiles and Their Manufacture. (Westminster Series.) . . 8vo, 2 00 

Barker, A. H. Graphic Methods of Bngine Design. lamo, *z 50 

Barnard, F. A. P. Report on Machinery and Processes of the Industrial 
Arts and Apparatus of the Exact Sciences at the Paris Universal 

Exposition, 1867 8vo, 5 00 

Barnard, J. H. The Naval Militiaman's Guide z6mo, leather z 25 

Barnard, Major J. G. Rotary Motion. (Science Series No. 90.) i6mo, o 50 

Barrus, G. H. Boiler Tests 8vo, *3 00 

Engine Tests 8vo, *4 00 

The above two purchased together *6 00 

Barwise, S. The Purification of Sewage. . .• i2mo, 3 50 

Baterden, J. R. Timber. (Westminster Series.) 8vo, *2 00 

Bates, E. L., and Charlesworth, F. Practical Mathematics i2mo, 

Part L Preliminary and Elementaiy Course *i 50 

Part n. Advanced Course *z 50 

Practical Mathematics Z2mo, *i 50 

Practical Geometry and Graphics i2mo, *2 00 

Beadle, C. Chapters on Papermaking. Five Volumes i2mo, each, *2 00 

Beaumont, R. Color in Woven Design 8vo, *6 00 

— — Finishing of Textile Fabrics 8vo, *4 00 

Beaumont, W. W. The Steam-Engine Indicator 8vo, 2 50 

Bechhold. Colloids in Biology and Medicine. Trans, by J. G. BuUowa 

{In Press.) 

Beckwith, A. Pottery 8vo, paper, o 60 

Bedell, F.| and Pierce, C. A. Direct and Alternating Current Manual.8vo, *2 00 

Beech, F. Dyeing of Cotton Fabrics 8vo, *3 00 

Dyeing of Woolen Fabrics 8vo, *3 50 

Begtrup, J. The Slide Valve 8vo, *2 00 

Beggs, G. E. Stresses in Railway Girders and Bridges {In Press,) 

Bender, C. E. Continuous Bridges. (Science Series No. 26.) i6mo, 50 

Proportions of Piers used in Bridges. (Science Series No. 4.) 

i6mo, 50 

Bennett, H. G. The Manufacture of Leather 8vo, *4 50 

Leather Trades (Outlines of Industrial Chemistry). 8vo..(7n Press,) 

Bernthsen, A. A Text - book of Organic Chemistry. Trans, by G. 

M'Gowan Z2mo, *2 50 

Berry, W. J. Differential Equations of the First Species. i2mo. {In Preparation.) 
Bersch, J. Manufacture of Mineral and Lake Pigments. Trans, by A. C. 

Wright 8vo, *5 00 

Bertin, L. E. Marine Boilers. Trans, by L. S. Robertson 8vo, 5 00 

Beveridge, J. Papermaker's Pocket Book i2mo, *4 00 

Binns, C. F. Ceramic Technology , 8vo, *5 00 

Manual of Practical Potting 8vo, *7 50 

The Potter's Craft i2mo, *2 00 

Birchmore, W. H. Interpretation of Gas Analysis Z2m0| *i 25 



D. VAN NOSTRAND COMPANY'S SHORT TITLE CATALOG 5 

Blaine, R. 6. The Calculus and Its Applications z2mo, *z 50 

Blake, W. H. Brewers' Vade Mecum 8vo, *4 00 

Blake, W. P. Report upon the Precious Metals 8yo, 2 oS 

Bligh, W. G. The Practical Design of Irrigation Works 8vo, *6 00 

BlUcher, H. Modem Industrial Chemistry. Trans, by J. P. Millington 

8vo, *7 50 

Blyth, A. W. Foods: Their Composition and Analysis 8vo, 7 50 

Poisons: Their Effects and Detection 8vo, 7 50 

Bockmann, F. Celluloid i2mo, *2 50 

Bodmer, G. R. Hydraulic Motors and Turbines i2mo, 5 00 

Boileau, J. T. Traverse Tables 8vo, 5 00 

Bonney, G. £. The Electro-platers' Handbook i2mo, i 20 

Booth, N. Guide to the Ring-spinning Frame zamo, *z 25 

Booth, W. H. Water Softening and Treatment 8vo, *2 50 

Superheaters and Superheating and Their Control 8vo, *z 50 

Bottcher, A. Cranes: Their Construction, Mechanical Equipment and 

Working. Trans, by A. Tolhausen 4to, *io 00 

Bottler, M. Modem Bleaching Agents. Trans, by C. Salter i2mo, *2 50 

Bottone, S. R. Magnetos for Automobilists i2mo, *i 00 

Boulton, S. B. Preservation of Timber. (Science Series No. 82.) . i6mo, o 50 

Bourgougnon, A. Physical Problems. (Science Series No. zi3.)..i6mo, o 50 

Bourry, E. Treatise on Ceramic Industries. Trans, by A. B. Searle. 

8vo, *5 00 

Bow, R. H. A Treatise on Bracing 8vo, j 50 

Bowie, A. J., Jr. A Practical Treatise on Hydraulic Mining 8vo, 5 00 

Bowker, W. R. Dynamo, Motor and Switchboard Circuits 8vo, *2 50 

Bowles, 0. Tables of Common Rocks. (Science Series No. 125.).. i6mo, 050 

Bowser, E. A. Elementary Treatise on Analytic Geometry i2mo, 1 75 

— Elementary Treatise on the Differential and Integral Calculus. i2mo, 2 25 

Elementary Treatise on Analytic Mechanics i2mo, 3 00 

Elementary Treatise on Hydro- mechanics i2mo, 2 50 

A Treatise on Roofs and Bridges i2mo, ^2 25 

Boycott, G. W. M. Compressed Air Work and Diving 8vo, *4 00 

Bragg, E. M. Marine Engine Design i2mo, *2 00 

Brainard, F. R- The Sextant. (Science Series No. 10 1.) i6mo, 

Brassey's Naval Annual for 1911 8vo, *6 00 

Brew, W. Three-Phase Transmission 8vo, *2 00 

Brewer, R. W. A. Motor Car Construction 8vo, *2 00 

Briggs, R., and Wolff, A. R. Steam-Heating. (Science Series No. 

67.) i6mo, o 50 

Bright, C The Life Story of Sir Charles Tilson Bright 8vo, *4 50 

Brislee, T. J. Introduction to the Study of Fuel. (Outlines of Indus- 
trial Chemistry) 8vo, *3 00 

British Standard Sections 8x15 *i 00 

Complete list of this series (45 parts) sent on application. 
Broadfoot, S. E. Motors, Secondary Batteries. (Installation Manuals 

Series) i2mo, *o 75 

Broughton, H, H. Electric Cranes and Hoists *9 00 

Brown, G. Healthy Fotmdations. (Science Series No. 80.) i6mo, o 50 

Brown, H, Irrigation 8vo, *$ 00 

Brown, Wm. N. The Art of Enamelling on Metal z2mo, *z 00 
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Browiiy Wm. N. Handbook on Japanning and Enamelling x2mo, 

House Decorating and Painting X2mo, 

2 History of Decorative Art X2mo, 

Dipping, Burnishing, Lacquering and Bronzing Brass Ware. . . x2mo, 

Workshop Wrinkles 8vo, 

Browne, R. £. Water Meters. (Science Series No. 81.) x6mo, 

Bruce, £. M. Pure Food Tests i2mo, 

Bruhns, Dr. New Manual of Logarithms 8vo, half morocco, 

Brunner, R. Manufacture of Lubricants, Shoe Polishes and Leather 

Dressings. Trans, by C. Salter 8yO| 

Buel, R. H. Safety Valves. (Science Series No. 2x.) x6mo, 

Bulman, H. F., and Redmayne, R. S. A. Colliery Working and Manage- 
ment 8vo, 

Burgh, N. P. Modern Marine Engineering. .. . ; 4to, half morocco, 

Bnrstall, F. W. Energy Diagram for Gas. With Text 8vo, 

^Diagram. Sold separately *x 

Burt, W. A. Key to the Solar Compass i6mo, leather. 

Burton, F. G. Engineering Estimates and Cost Accounts x2mo, 

Buskett, E. W. Fire Assaying i2mo, 

Butler, H. J. Motor Bodies and Chassis 8vo, 

Byers, H. G., and Knight, H. G. Notes on Qualitative Analysis Svo, 

Cain, W. Brief Course in the Calculus i2mo, 

Elastic Arches. (Science Series No. 48.) x6mo, 

Maximum Stresses. (Science Series No. 38.) x6mo, o 50 

Practical Designing Retaining of Walls. (Science Series No. 3.) 

x6mo, o 50 

Theory of Steel-concrete Arches and of Vaulted Structures. 

(Science Series No. 42.) x6mo, 

Theory of Voussoir Arches. (Science Series No. X2.) x6mo, 

Symbolic Algebra. (Science Series No. 73.) x6mo, 

Campin, F. The Construction of Lron Roofs , .8vo, 

Carpenter, F. D. Geographical Surveying. (Science Series No. 37.) . x6mo. 
Carpenter, R. C, and Diederichs, H. Internal Combustion Engines. 

8vo, 
Carter, E. T. Motive Power and Gearing for Electrical Machinery . .8vo, 

Carter, H. A. Ramie (Rhea), China Grass X2mo, *2 00 

Carter, H. R. Modern Flax, Hemp, and Jute Spinning 8vo, 

Cathcart, W. L. Machine Design. Part I. Fastenings 8vo, 

Cathcart, W. L., and Chaffee, J. I. Elements of Graphic Statics 8vo, 

Short Course in Graphics x2mo, 

Caven, R. M., and Lander, G. D. Systematic Inorganic Chemistry. i2mo, 

ChaUdey, A. P. Diesel Engines 8vo, 

Chambers' Mathematical Tables 8vo, 

Charnock, G. F. Workshop Practice. (Westminster Series.) 8vo (In Press.) 

Charpentier, P. Timber 8vo, *6 00 

Chatley, H. Principles and Designs of Aeroplanes. (Science Series.) 

No. 126.) x6mo, o 50 

How to Use Water Power X2mo, *i 00 

Gjrrostatic Balancing 8vo, *i 00 

Child, C. D. Electric Arc 8vo, *(In Preta.) 
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Cliild, C. T. The How and Why of Electricity zamo, z oo 

Christie, W. W. Boiler-waters, Scale, Corrosion, Foaming 8yo, *3 oo 

* Chimney Design and Theory 8vo, *3 oo 

^— - Furnace Draft. (Science Series No. Z23.) z6mo, o 50 

Water: Its Purification and Use in the Industries 8vo, *2 00 

Church's Laboratory Guide. Rewritten by Edward Kinch 8vo, *2 50 

Clapperton, G. Practical Papermaking .' 8vo, 2 50 

Clark, A. G. Motor Car Engineering. 

Vol. I. Construction •j 00 

Vol. n. Design {In Press.) 

Clark, C. H. Marine Gas Engines zamo, *z 50 

Clark, D. E. Rules, Tables and Data for Mechanical Engineers 8vo, 5 00 

Fuel: Its Combustion *and Economy i2mo, j 50 

The Mechanical Engineer's Pocketbook i6mo, 2 00 

Tramways: Their Construction and Working 8vo, 5 00 

Clark, J. M. New System of Laying Out Railway Turnouts i2mo, . z 00 

Clausen-Thue, W. ABC Telegraphic Code. Fourth Edition i2mo, *5 00 

Fifth Edition 8vo, *7 00 

The A I Telegraphic Code 8vo, *7 50 

Cleemann, T. M. The RaUroad Engineer's Practice i2mo, *z 50 

Clerk, D., and Idell, F. E. Theory of the Gas Engine. (Science Series 

No. 62.) i6mo, o 50 

Clevenger, S. R. Treatise on the Method of Government Surveying. 

z6mo, morocco 2 50 

Clouth, F. Rubber, Gutta-Percha, and Balata 8vo, *5 00 

Cochran, J. Treatise on Cement Specifications 8vo, "^i 00 

Cofiin, J. H. C. Navigation and Nautical Astronomy i2mo, *3 50 

Colburn, Z., and Thurston, R. H. Steam Boiler Explosions. (Science 

Series No. 2.) i6mo, o 50 

Cole, R. S. Treatise on Photographic Optics zamo, z 50 

Coles-Finch, W. Water, Its Origin and Use 8vo, *5 00 

Collins, J. E. Useful Alloys and Memoranda for Goldsmiths, Jewelers. 

i6mo o 50 

Constantine, E. Marine Engineers, Their Qualifications and Duties. 

8vo, ^2 00 

Coombs, H. A. Gear Teeth. (Science Series No. Z2o.) i6mo, o 50 

Cooper, W. R. Primary Batteries Bvo, *4 00 

" The Electrician " Primers. . . * 8vo, *s 00 

Part I *! so 

Part II *2 50 

Part ni *2 00 

Copperthwaite, W. C. Tunnel Shields 4to, *9 00 

Corey, H. T. Water Supply Engineering 8vo {In Press,) 

Corfield, W. H. Dwelling Houses. (Science Series No. 50.) z6mo, o 50 

Water and Water-Supply. (Science Scries No. 17.) z6mo, o 50 

Cornwall, H. B. Manual of Blow-pipe Analysis Bvo, *2 50 

Courtney, C. F. Masonry Dams 8vo, 3 50 

Cowell, W. B. Pure Air, Ozone, and Water i2mo, *2 00 

Craig, T. Motion of a Solid in a Fuel. (Science Series No. 49.) z6mo, o 50 

Wave and Vortex Motion. (Science Series No. 43.) z6mo, o 50 

Cramp, W. Continuous Current Machine Design 8vo, *2 50 
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Crocker, F. B. Electric Lighting. Two Volumes. 8vo. 

VoL I. The Generating Plant 3 00 

Vol. II. Distributing Systems and Lamps 3 00 

Crocker, F. B., and Arendt, M. Electric Motors Svo, *2 50 

Crocker, F. B., and Wheeler, S, S. The Management of Electrical Ma- 
chinery x2mo, *x 00 

Cross, C. F., Bevan, E. J., and Sindall, R. W. Wood Pulp and Its Applica- 
tions. (Westminster Series.) Svo, 

Crosskey, L. R. Elementary Perspective Svo, 

Crosskey, L, R., and Thaw, J. Advanced Perspective Svo, 

CuUey, J. L. Theory of Arches. (Science Series No. 87.) x6mo, 

Dadourian, H. M. Analytical Mechanics i2mo, {In Press.) 

Davenport, C. The Book. (Westminster Series.) Svo, 

Da vies, D. C. Metalliferous Minerals and Mining Svo, 

Earthy Minerals and Mining Svo, 

Da vies, E. H. Machinery for Metalliferous Mines Svo, 

Davies, F. H. Electric Power and Traction. Svo, 

Foundations and Machinery Fixing. (Installation Manual Series.) 

x6mo, {In Press.) 

Dawson, P. Electric Traction on Railways Svo, *q 00 

Day, C. The Indicator and Its Diagrams X2mo, *2 00 

Deerr, N. Sugar and the Sugar Cane Svo, *S 00 

Deite, C. Manual of Soapmaking. Trans, by S. T. King 4to, *5 00 

De la Cottx, H. The Industrial Uses of Water. Trans, by A. Morris. 

Svo, ^4 50 

Del Mar, W. A. Electric Power Conductors Svo, *2 00 

Denny, 6. A. Deep-level Mines of the Rand 4to, *xo 00 

Diamond Drilling for Gold *S 00 

De Roos, J. D. C. Linkages. (Science Series No. 47.) i6mo, o 50 

Derr, W. L. Block Signal Operation Oblong i2mo, ^i 50 

Maintenance-of-Way Engineering (In Preparation.) 

Desaint, A. Three Hundred Shades and How to Mix Them Svo, '''10 00 

De Varona, A. Sewer Gases. (Science Series No. 55.) i6mo, o 50 

Devey, R. G. Mill and Factory Wiring. (Installation Manuals Series.) 

X2mo, *x 00 

Dibdin, W. J. Public Lighting by Gas and Electricity Svo, *8 00 

Purification of Sewage and Water Svo, 6 50 

Dichmann, Carl. Basic Open-Hearth Steel Process x2mo, *3 50 

Dieterich, K. Analysis of Resins, Balsams, and Gum Resins Svo, "'3 00 

Dinger, Lieut. H. C. Care and Operation of Naval Machinery i2mo, *2 00 

Dizon, D. B. Machinist's and Steam Engineer's Practical Calculator. 

i6mo, morocco, x 25 
Doble, W. A. Power Plant Construction on the Pacific Coast (In Press.) 
Dodd, G. Dictionary of Manufactures, Mining, Machinery,' and the 

Industrial Arts i2mo, x 50 

Dorr, B. F. The Surveyor's Guide and Pocket Table-book. 

x6mo, morocco, 2 00 

Down, P. B. Handy Copper Wire Table i6mo, *x 00 

Draper, C. H. Elementary Text-book of Light, Heat and Sound. . . X2mo, i 00 
Heat and the Principles of Thermo-dynamics x2mo, x 50 
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Duckwalli £. W. Canning and Preserving of Food Products 8vo, *5 oo 

Dumesny, P., and Noyer, J. Wood Products, Distillates, and Extracts. 

8vo, ^4 50 
Duncan, W. 6., and Penman, D. The Electrical Equipment of Collieries. 

8vo, ^4 00 
Dunstan, A. £., and Thole, F, B. T. Textbook of Practical Chemistry. 

X2mo, *i 40 

Duthie, A. L. Decorative Glass Processes. (Westminster Series.) . . Svo, *2 00 

Dwight, H. B. Transmission Line Formulas Svo, {In Press.) 

Dyson, S. S. Practical Testing of Raw Materials Svo, ^s 00 

Dyson, S. S., and Clarkson, S. S. Chemical Works Svo, ^7 50 

Eccles, R. 6., and Duck wall, £. W. Food Preservatives Svo, paper 50 

Eddy, H. T. Researches in Graphical Statics Svo, x 50 

Maximum Stresses under Concentrated Loads Svo, x 50 

Edgcumbe, K. Industrial Electrical Measuring Instruments. Svo, *2 5a 

Eissler, M. The Metallurgy of Gold Svo, 7 50 

The Hydrometallurgy of Copper Svo, ^4 50 

The Metallurgy of SUver Svo, 4 00 

The Metallurgy of Argentiferous Lead Svo, 5 00 

Cyanide Process for the Extraction of Gold Svo, 3 00 

A Handbook on Modem Explosives «. Svo, 5 00 

Ekin, T. C. Water Pipe and Sewage Discharge Diagrams folio, ^3 00 

Eliot, C. W., and Storer, F, H. Compendious Manual of Qualitative 

Chemical Analysis i2mo, *x 25 

Elliot, Major G. H. European Light-house Systems Svo, 5 00 

Ennis, Wm. D. Linseed Oil and Other Seed OUs Svo, *4 00 

Applied Thermodynamics Svo ^4 50 

— — Flying Machines To-day i2mo, *i 50 

Vapors for Heat Engines x2mo, *x 00 

Erfurt, J. Dyeing of Paper Pulp. Trans, by J. Hubner Svo, *7 50 

Ermen, W. F. A. Materials Used in Sizing Svo, *2 00 

Erskine-Murray, J. A Handbook of Wireless Telegraphy Svo, *3 50 

Evans, C. A. Macadamized Roads {In Press.) 

Ewing, A. J. Magnetic Induction in Iron Svo, *4 00 

Fairie, J. Notes on Lead Ores X2mo, *i 00 

Notes on Pottery Clays i2mo, *i 50 

Fairley, W., and Andre, Geo. J. Ventilation of Coal Mines. (Science 

Series No. sS.) x6mo, o 50 

Fairweather, W. C. Foreign and Colonial Patent Laws Svo, *3 00 

Fanning, J. T. Hydraulic and Water-supply Engineering Svo, *5 00 

Fauth, P. The Moon in Modern Astronomy. Trans, by J. McCabe. 

Svo, *2 00 

Fay, I. W. The Coal-tar Colors Svo, ^4 00 

Fernbach, R. L. Glue and Gelatine Svo, *3 00 

Chemical Aspects of Silk Manufacture X2mo, *x 00 

Tischer, £. The Preparation of Organic Compounds. Trans, by R. V. 

Stanford i2mo, ^x 25 

Fish, J. C. L. Lettering of Working Drawings Oblong Svo, x 00 

Fisher, H. K. C, and Darby, W. C. Submarine Cable Testing Svo, *3 50 
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Fiske, Lieut. B. A. Electricity in Theory and Practice Svo, a 50 

Fleischmann, W. The Book of the Bftiry. Trans, by C. M. Aikman. 

8vo, 4 00 
Fleming, J. A. The Alternate-current Transformer. Two Volumes. 8vo. 

VoL L The Induction of Electric Currents *5 00 

Vol. II. The Utilization of Induced Currents *s 09 

Propagation of Electric Currents 8vo, ^3 00 

Centenary of the Electrical Current Svo, *o 50 

Electric Lamps and Electric Lighting Svo, *3 00 

— Electrical Laboratory Notes and Forms 4to, *5 00 

A Handbook for the Electrical Laboratory and Testing Room. Two 

Volumes Svo, each, *$ 00 

Fleury, P. Preparation and Uses of White Zinc Paints Svo, *2 50 

Fluery, H. The Calculus Without Limits or Infinitesimals. Trans, by 

C. 0. Maillouz (In Pre»«.) 

Flynn, P. J. Flow of Water. (Science Series No. S4.) i6mo, 50 

Hydraulic Tables. (Science Series No. 66.) i6mo, o 50 

Foley, N. British and American Customary and Metric Measures, .folio, *3 00 
Foster, H. A. Electrical Engineers* Pocket-book. (Sixth Edition.) 

i2mo, leather, 5 00 

Engineering Valuation of Public Utilities and Factories Svo, *3 00 

Foster, Gen. J. G. Submarine Blasting in Boston (Mass.) Harbor.. . .4to, 3 50 

Fowle, F. F. Overhead Transmission Line Crossings x2mo, *x 50 

The Solution of Alternating Current Problems Svo (In Press.) 

Fox, W. G. Transition Curves. (Science Series No. zxo.).. . '. x6mo, o 50 

Fox, W., and Thomas, C. W. Practical Course in Mechanical Draw- 
ing i2mo, X 25 

Foye, J. C. Chemical Problems. (Science Series No. 69.) x6mo, o 50 

Handbook of Mineralogy. (Science Series No. 86.) x6mo, o 50 

Francis, J. B. Lowell Hydraulic Experiments 4to, X5 00 

Freudemacher, P. W. Electrical Mining Installations. (Installation 

Manuals Series) Z2mo, *i 00 

Frith, J. Alternating Current Design Svo, *2 00 

Fritsch, J. Manufacture of Chemical Manures. Trans, by D. Grant. 

Svo, *4 00 

Frye, A. I. Civil Engineers' Pocket-book .... x2mo, leather, *$ 00 

Filler, G. W. Investigations into the Purificatioa of the Ohio River. 

4to. *xo 00 

Fumell, J. Paints, Colors, Oils, and Varnishes Svo, *x 00 

Gairdner, J. W. I. Earthwork. Svo, (In Press,) 

Gant, L. W. Elements of Electric Traction Svo, *2 so 

Garcia, A. J. R. V. Spanish-English Railway Terms Svo, *4 50 

Garforth, W. E. Rules for Recovering Coal Mines after Explosions and 

Fires Z2mo, leather, x 50 

Gaudard, J. Foundations. (Science Series No. 34.) x6mo, o 50 

Gear, H. B., and Williams, P. F. Electric Central Station Distribution 

Systems Svo, ^3 00 

Geerligs, H. C. P. Cane Sugar and Its Manufacture Svo, *$ 00 

World's Cane Sugar Industry Svo, *5 00 

Geikie, J. Structural and Field Geology Svo, *4 00 
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Gerber,N. Analysis of Milk, Condensed Milk, and Infants' Milk-Food. 8vo, z 25 
Gerhard, W. P. Sanitation, Watersupply and Sewage Disposal of Country 

Houses x2mo, 

Gas Lighting. (Science Series No. iii.) x6mo, 

-i — Household Wastes. (Science Series No. 97.) x6mo, 

House Drainage. (Science Series No. 63.) x6mo, 

Sanitary Drainage of Buildings. (Science Series No. 93.) x6mo, 

Gerhardi, C. W. H. Electricity Meters 8vo, 

Geschwind, L. Manufacture of Alum and Sulphates. Trans, by C. 

Salter: 8vo, 

Gibbs, W. E. Lighting by Acetylene i2mo, 

Physics of Solids and Fluids. (Carnegie Technical School's Text- 
books.) ^x 

Gibson, A. H. Hydraulics and Its Application 8to, 

Water Hammer in Hydraulic Pipe Lines x2mo, 

Gilbreth, F. B. Motion Study x2mo, 

Primer of Scientific Management x2mo, 

Gillmore, Gen. Q. A. Limes, Hydraulic Cements ard Mortars Svo, 

Roads, Streets, and Pavements x2mo, 

Golding, H. A. The Theta-Phi Diagram x2mo, 

Goldschmidt, R. Alternating Current Conmiutator Motor Svo, 

Goodchild, Y^. Precious Stones. (Westminster Series.) Svo, 

Goodeve, T. M. Textbook on the Steam-engine x2mo, 

Gore, G. Electrolytic Separation of Metals. Svo, 

Gould, E. S. Arithmetic of the Steam-engine x2mo, 

Calculus. (Science Series No. 112.) i6mo, 

— - High Masonry Dams. (Science Series No. 22.) x6mo, 

Practical Hydrostatics and Hydrostatic Formulas. (Science Series 

No. 117.) i6mo, o 50 

Grant, J. Brewing and Distilling. (Westminster Series.) Svo (In Press.) 

Gratacap, L. P. A Popular Guide to Minerals Svo, 

Gray, J. Electrical Influence Machines i2mo, 

Marine Boiler Design x2mo, 

Greenhill, G. Dynamics of Mechanical Flight Svo, 

Greenwood, E. Clasisified Guide to Technical and Commercial Books. Svo, 

Gregorius, R. Mineral Waxes. Trans, by C. Salter x2mo, 

Griffiths, A. B. A Treatise on Manures X2mo, 

Dental Metallurgy Svo, 

Gross, E. Hops Svo, 

Grossman, J. Anmionia and Its Compounds i2mo, 

Groth, L. A. Welding and Cutting Metals by Gases or Electricity Svo, 

Grover, F. Modem Gas and Oil Engines Svo, 

Gruner, A. Power-loom Weaving — Svo, 

GUldner, Hugo. Internal Combustion Engines. Trans, by H. Diederichs. 

4to, 

Gunther, C. 0. Integration i2mo, 

Gurden, R. L. Traverse Tables folio, half morocco, 

Guy, A. E. Experiments on the Flexure of Beams Svo, 

Haeder, H. Handbook on the Steam-engine. Trans, by H. H. P. 

Powles x2mo, 3 00 
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Hainbach, R. Pottery Decoration. Trans, by C. Slater z2mo, 

Haenig, A. Emery and Emery Industry 8vo, 

Hale, W. J. Calculations of General Chemistry Z2mo, 

Hall, C. H. Chemistry of Paints and Paint Vehicles Z2mo, 

Hall, R. H. Governors and Governing Mechanism Z2mo, 

Hall, W. S. Elements of the Differential and Integral Calculus 8vo, 

Descriptive Geometry 8vo volume and a 4to atlas, 

Haller, G. F., and Cunningham, £. T. The Tesla Coil X2mo, 

Halsey, F. A Slide Valve Gears x2mo, 

The Use of the Slide Rule. (Science Series No. x Z4.) z6mo, 

Worm and Spiral Gearing. (Science Series No. xx6.) x6mo, 

Hamilton, W. G. Useful Information for Railway Men x6mo, 

Hammer, W. J. Radium and Other Radio-active Substances 8vo, 

Hancock, H. Textbook of Mechanics and Hydrostatics 8vo, 

Hardy, £. Elementary Principles of Graphic Statics x2mo, 

Harrison, W. B. The Mechanics' Tool-book x2mo, 

Hart, J. W. External Plumbing Work 8vo, 

Hints to Plumbers on Joint Wiping 8vo, 

Principles of Hot Water Supply 8vo, 

Sanitary Plumbing and Drainage 8vo, 

Haskins, C. H. The Galvanometer and Its Uses i6mo, 

Hatt, J. A. H. The Colorist square X2mo, 

Hausbrand, E. Drying by Means of Air and Steam. Trans, by A C. 

Wright x2mo, *2 00 

Evaporating, Condensing and Cooling Apparatus. Trans, by A. C. 

Wright 8vo, ♦s 00 

Hausner, A. Manufacture of Preserved Foods and Sweetmeats. Trans. 

by A. Morris and H. Robson 8vo, 

Hawke, W. H. Premier Cipher Telegraphic Code 4to, 

100,000 Words Supplement to the Premier Code 4to, 

Hawkesworth, J. Graphical Handbook for Reinforced Concrete Design. 

4to, 

Hay, A. Alternating Currents 8vo, 

Electrical Distributing Networks and Distributing Lines 8vo, 

Continuous Current Engineering 8vo, 

• Heap, Major D. P. Electrical Appliances 8vo, 

Heather, H. J. S. Electrical Engineering 8vo, 

Heaviside, O. Electromagnetic Theory. Vols. I and U 8vo, each, 

Vol. HI 8vo, 

Heck, R. C. H. The Steam Engine and Turbine Svo, 

Steam-Engine and Other Steam Motors. Two Volumes. 

Vol. I. Thermodynamics and the Mechanics 8vo, 

VoL H. Form, Construction, and Working 8vo, 

Notes on Elementary Kinematics 8vo, boards, 

Graphics of Machine Forces 8vo, boards, 

Hedges, K. Modem Lightning Conductors 8vo, 

Heermann, P. Dyers' Materials. Trans, by A. C. Wright i2mo, 

Hellot, Macquer and D'Apligny. Art of Dyeing Wool, Silk and Cotton. 8vo, 

Henrici, O. Skeleton Structures 8vo, 

Hering, D. W. Essentials of Physics for College Students 8vo, 

Hering-Shaw, A. Domestic Sanitation and Plumbing. Two Vols.. .8vo, 
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Hering-Sliaw, A. Elementary Science 8vo, 

Herrmann, 6. The Graphical Statics of Mechanism. Trans, by A. P. 

Smith i2mo, 

Herzfeld, J. Testing of Yams and Textile Fabrics Svo, 

Hildebrandt, A. Airships, Past and Present Svo, 

Hildenbrand, B. W. Cable-Making. (Science Series No. 32.) x6mo, 

Hilditch, T. P. A Concise History of Chemistry i2mo, 

Hill, J. W. The Purification of Public Water Supplies. New Edition. 

(In Press.) 

Interpretation of Water Analysis {In Press.) 

Hiroi, I. Plate Girder Construction. (Science Series No. 95.) i6mo, 

Statically-Indeterminate Stresses i2mo, 

Hirshfeld, C. F. Engineering Thermodynamics. (Science Series No. 45.) 

i6mo, 
Hobart, H. M. Heavy Electrical Engineering Svo, 

Design of Static Transformers i2mo, 

Electricity Svo^ 

Electric Trains Svo, 

Hobart, H. M. Electric Propulsion of Ships Svo, 

Hobart, J. F. Hard Soldering, Soft Soldering and Brazing i2mo, 

Hobbs, W. R. P. The Arithmetic of Ebctrical Measurements i2mo, 

Hoff, J. N. Paint and Varnish Facts and Formulas i2mo, 

Hoff, Com. W. B. The Avoidance of Collisions at Sea. . . i6mo, morocco, 

Hole, W. The Distribution of Gas Svo, 

Holley, A. L. Railway Practice folio, 

Holmes, A. B. The Electric Light Popularly Explained .... i2mo, paper, 

Hopkins, N. M. Experimental Electrochemistry Svo, 

Model Engines and Small Boats i2mo, 

Hopkinson, J. Shoolbred, J. N., and Day, R. E. Dynamic Electricity. 

(Science Series No. 71.) i6mo, 

Horner, J. Engineers' Turning Svo, 

Metal Turning i2mo, 

Toothed Gearing z2mo, 

Houghton, C. E. The Elements of Mechanics of Materials i2mo, 

Houllevigue, L. The Evolution of the Sciences Svo, 

Houstoun, R. A. Studies in Light Production i2mo, 

Howe, G. Mathematics for the Practical Man i2mo, 

Howorth, J. Repairing and Riveting Glass, China and Earthenware. 

Svo, paper, 

Hubbard, E. The Utilization of Wood- waste Svo, 

Hiibner, J. Bleaching and Dyeing of Vegetable and Fil^ous Materials 

(OutUnes of Industrial Chemistry) Svo, 

Hudson, O. F. Iron and Steel. (Outlines of Industrial Chemistry.) 

Svo, (In Press.) 
Humper, W. Calculation of Strains in Girders ... i2mo, 

Humphreys, A. C. Tlie Business Features of Engineering Practice. Svo, 

Hunter, A. Bridge Work Svo, (In Press.) 

Hurst, G. H. Handbook of the Theory of Color Svo, 

Dictionary of Chemicals and Raw Products Svo, 

Lubricating Oils, Fats and Greases Svo, 

Soaps Svo, 
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Kirscbke, A. Gas and Oil Engines lamo, *i as 

Kretchmar, K. Yam and Warp Sizing 8vo, ^4 00 

Lambert, T. Lead and its Compounds 8to, *3 50 

Bone Products and Manures Svo, *3 00 

Lamborn, L. L. Cottonseed Products Svo, ^3 00 

Modem Soaps, Candles, and Glycerin Svo, *y 50 

Lamprecht, R. Recovery Work After Pit Fires. Trans, by C. Salter . . Svo, ^4 00 
Lanchester, F. W. Aerial Flight. Two Volumes. Svo. 

Vol. I. Aerodynamics *6 00 

Aerial Flight. Vol. II. Aerodonetics *6 00 

Lamer, £. T. Principles of Alternating Currents xamo, *x 25 

Larrabee, C. S. Cipher and Secret Letter and Telegraphic Code x6mo, o 60 

La Rue, B. F. Swing Bridges. (Science Series No. 107.) z6mo, o 50 

Lassar-Cohn, Dr. Modem Scientific Chemistry. Trans, by M. M. Patti- 

son Muir i2mo, *2 00 

Latimer, L. H., Field, C. J., and Howell, J. W. Incandescent Electric 

Lighting. (Science Series No. 57.) i6mo, o 50 

Latta, M. N. Handbook of American Gas-Engineering Practice Svo, *4 50 

American Producer Gas Practice 4to, *6 00 

Leask, A. R. Breakdowns at Sea i2mo, 2 00 

Refrigerating Machinery Z2mo, 2 00 

Lecky, S. T. S. << Wrinkles " in Practical Navigation Svo, *8 00 

Le Douz, M. Ice-Making Machines. (Science Series No. 46.) i6mo, o 50 

Leeds, C. C. Mechanical Drawing foi Trade Schools oblong 4to, 

High School Edition *i 25 

Machinery Trades Edition *2 00 

Lef€vre, L. Architectural Pottery. Trans, by H. K, Bird and W. M. 

Binns 4to, ^7 50 

Lehner, S. Ink Manufacture. Trans, by A. Morris and H. Robson. .Svo, *2 50 

Lemstrom, S. Electricity in Agriculture and Horticulture Svo, *x 50 

Le Van, W. B. Steam-Engine Indicator. (Science Series No. 78.) . z6mo, o 50 

Lewes, V. B. Liquid and Gaseous Fuels. (Westminster Series.) Svo, *2 00 

Lewis, L. P. Railway Signal Engineering Svo, *3 50 

Lieber, B. F. Lieber*s Standard Telegraphic Code Svo, *io 00 

Code. German Edition Svo, ♦lo 00 

Spanish Edition Svo, *io 00 

French Edition Svo, ♦xo 00 

Terminal Index .Svo, *2 50 

Lieber's Appendix folio, *x5 00 

Handy Tables 4to, *2 50 

Bankers and Stockbrokers' Code and Merchants and Shippers' Blank 

Tables Svo, *i5 00 

xoo,ooo,ooo Combination Code Svo, *xo 00 

Engineering Code Svo, *xa 50 

Livermore, V. P., and Williams, J. How to Become a Competent Motor- 
man X2mo, *i 00 

Livingstone, R. Design and Constmction of Commutators Svo, *2 25 

Lobben, P. Machinists' and Draftsmen's Handbook Svo, 2 50 

Locke, A. G. and C. G. Manufacture of Sulphuric Acid Svo, xo 00 

Lockwood, T. D. Electricity, Magnetism, and Electro-telegraph . . . .Svo, 2 50 
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Lockwood, T. D. Electrical Measurement and the Galvanometer . xamo, e 75 

Lodge, O. J. Elementary Mechanics X2mo, x 50 

Signalling Across Space without Wires 8vo, *2 00 

Loewenstein, L. C, and Crissey, C. P. Centrifugal Pumps *4 50 

Lord, R. T. Decorative and Fancy Fabrics 8vo, *3 50 

Loring, A. E. A Handbook of the Electromagnetic Telegraph* i6mo, o 50 

Handbook. (Science Series No. 39.) x6mo, o 50 

Low, D. A. Applied Mechanics (Elementary) x6mo, o 80 

Lobschez, B. J. Perspective lamo, *i 50 

Lttcke, C. E. Gas Engine Design Svo, *3 00 

Power Plants: Design, Efficiency, and Power Costs. 2 vols. 

(/n Preparation.) 

Lunge, G. Coal-tar and Ammonia. Two Volumes Svo, ^15 00 

Manufacture of Sulphuric Acid and Alkali. ' Four Volumes Svo, 

Vol. L Sulphuric Acid. In two parts *i5 00 

Vol. n. Salt Cake, Hydrochloric Acid and Leblanc Soda. In two parts I'lS 00 

VoL HI. Ammonia Soda *io 00 

VoL IV. Electrolytic Methods (/n Press.) 

Technical Chemists' Handbook i2mo, leather, *3 50 

Technical Methods of Chemical Analysis. Trans, by C. A. Keane. 

in collaboration with the corps of specialists. 

Vol. I. In two parts Svo, 

Vol. n. In two parts Svo, 

Vol. m (/n Preparation.) 

Lupton, A., Parr, G. D. A., and Perkin, H. Electricity as Applied to 

Mining 8vo, 

Luquer. L. M. Minerals in Rock Sections Svo, 

Macewen, H. A. Food Inspection Svo, 

Mackenzie, N. F. Notes on Irrigation Works Svo, 

Mackie, J. How to Make a Woolen lAill Pay Svo, 

Mackrow, C. Naval Architect's and Shipbuilder's Pocket-book. 

26mo, leather, 

Maguire, Wm. R. Domestic Sanitary Drainage and Plumbing Svo, 

Mallet, A. Compound Engines. Trans, by R. R. BueL (Science Series 

No. 10.) x6mo, 

Mansfield, A. N. Electro-magnets. (Science Series No. 64.) x6mo, 

Marks, £. C. R. Construction of Cranes and Lifting Machinery i2mo, 

Construction and Working of Pumps i2mo, 

Manufacture of Iron and Steel Tubes i2mo, 

Mechanical Engineering Materials i2mo, 

Marks, G. C. Hydraulic Power Engineering 8vo, 

Inventions, Patents and Designs X2mo, 

Marlow, T. G. Drying Machinery and Practice Svo, 

Marsh, C. F. Concise Treatise on Reinforced Concrete Svo, 

Reinforced Concrete Compression Member Diagram. Mounted on 

Cloth Boards ♦! 50 

Marsh, C. F., and Dunn, W. Manual of Reinforced Concrete and Con- 
crete Block Construction i6mo, morocco, *2 50 
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Marshall, W. J., and Sankey, H. R. Gas Engines. (Westminster Series.) 

8vo, *2 00 

Martin. G, Triumphs and Wonders of Modem Chemistry 8to, *2 oo 

Martin, N. Properties and Design of Reinforced Concrete i2mo, *2 50 

Massie, W. W., and Underhill, C. R. Wireless Telegraphy and Telephony. 

x2mo, *i 00 
Matheson, D. Australian Saw-Miller's Log and Timber Ready Reckoner. 

Z2mo, leather, z 50 

Mathot, R. £. Internal Combustion Engines Svo, *6 00 

Maurice, W. Electric Blasting Apparatus and Explosives Svo, *s 50 

Shot Firer's Guide. Svo, *i 50 

Maxwell, J. C. Matter and Motion. (Science Series No. 36.) x6mo, o 50 

Maxwell, W. H., and Brown, J. T. Encyclopedia of Municipal and Sani- 
tary Engineering 4to, *io 00 

Mayer, A. M. Lecture Notes on Physics Svo, 2 00 

McCullough, R. S. Mechanical Theory of Heat Svo, 3 50 

Mcintosh, J. G. Technology of Sugar Svo, '*'4 50 

Industrial Alcohol Svo, *$ 00 

Manufacture of Varnishes and Kindred Industries. Three Volumes. 

Svo. 

VoL I. Oil Crushing, Refining and BoUing *3 50 

Vol. n. Varnish Materials and Oil Varnish Making '*'4 00 

VoL m. Spirit Varnishes and Materials *4 5o 

McKnight, J. D., and Brown, A. W. Marine Multitubular Boilers *z 50 

McMaster, J. B. Bridge and Tunnel Centres. (Science Series No. 20.) 

i6mo, o 50 

McMechen, F. L. Tests for Ores, Minerals and Metals. i2mo, *i 00 

McNeill, B. McNeiU's Code Svo, *6 00 

Mcpherson, J. A. Water- works Distribution Svo, 2 50 

Melick, C. W. Dairy Laboratory Guide z2mo, '''2 25 

Merck, £. Chemical Reagents; Their Purity and Tests Svo, '^'z 50 

Merritt, Wm. H. Field Testing for Gold and Silver z6mo, leather, z 50 

Messer, W. A. Railway Permanent Way Svo, {In Press.) 

Meyer, J. G. A., and Pecker, C. G. Mechanical Drawing and Machine 

Design 4to, 5 00 

Michell, S. Mine Drainage Svo, zo 00 

Mierzinski, S. Waterproofing of Fabrics. Trans, by A. Morris and H. 

Robson Svo, *2 50 

Miller, £. H. Quantitative Analysis for Mining Engineers Svo, I'z 50 

Miller, G. A. Determinants. (Science Series No. Z05.) z6mo, 

Milroy, M. E. W. Home Lace-making z2mo, *i 00 

Minifie, W. Mechanical Drawing Svo, '^'4 00 

Mitchell, C. P., and G. A. Building Construction and Drawing. . . z2mo, 

Elementary Course *z 50 

Advanced Course *2 50 

Mitchell, C. A., and Prideaux, R. M. Fibres Used in Textile and Allied 

Industries Svo, *3 00 

Modem Meteorology z2mo, z 50 

Monckton, C. C. F. Radiotelegraphy. (Westminster Series.) '. .Svo, *2 00 

Monteverde, R. D. Vest Pocket Glossary of English-Spanish, Spanish- 
English Technical Terms 64mo, leather, '"z 00 
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Hoore, E. C. S. New Tables for the Complete Solution of Ganguillet and 

Kutter's Formula 8vOy *5 oo 

Morecroft, J. H., and Hehre, F. W. Short Course in Electrical Testing. 

8to, *z 50 

Horeing, C. A., and Neal, T. New General and Mining Telegraph Code, 8vo, *$ 00 

Morgan, A. P. Wireless Telegraph Apparatus for Amateurs i2mo, *i $0 

Moses, A. J. The Characters of Crystals 8vo, *2 00 

Moses, A. J., and Parsons, C. L. Elements of Mineralogy 8vo, *2 50 

Moss, S. A. Elementsof Gas Engine Design. (Science Series No. 1 21.) x6mo, 50 
The Lay-out of Corliss Valve Gears. (Science Series No. X19.). i6mo, o 50 

Mulford, A. C. Boundaries and Landmarks i2mo, *x 00 

Mullin, J. P. Modem Moulding and Pattern-making x2mo, 2 50 

Munby, A. E. Chemistry and Physics of Building Materials. (Westmin- 
ster Series.) 8vo, *2 00 

Murphy, J. G. Practical Mining x6mo, x 00 

Murray, J. A. Soils and Manures. (Westminster Series.) 8vo, *2 00 

Naquet, A. Legal Chemistry v . . X2mo, 2 00 

Nasmith, J. The Student's Cotton Spinning 8vo, 3 00 

Recent Cotton Mill Construction x2mo, 2 00 

If eave, G. B., and Heilbron, I. M. Identification of Organic Compounds. 

X2mo, *x 25 

Neilson, R. M. Aeroplane Patents 8vo, *2 00 

Nerz, F. Searchlights. Trans, by C. Rodgers Svo, *3 00 

If esbit, A. F. Electricity and Magnetism {In Preparation.) 

Neuberger, H., and Noalhat, H. Technology of Petroleum. Trans, by J. 

G. Mcintosh 8vo, *io 00 

Newall, J. W. Drawing, Sizing and Cutting Bevel-gears 8vo, z 50 

Nicol, G. Ship Construction and Calculations 8vo, *4 50 

Nipher, F. E. Theory of Magnetic Measurements x2mo, x 00 

Nisbet, H. Grammar of Textile Design 8vo, *3 00 

Nolan, H. The Telescope. (Science Series No. 5x.) x6mo, o 50 

Noll, A. How to Wire Buildings x2mo, x 50 

North, H. B. Laboratory Notes of Experiments in General Chemistry. 

{In Press,) 

Nugent, £. Treatise on Optics x2mo, i 50 

O'Connor, H. The Gas Engineer's Pocketbook x2mo, leather, 3 50 

Petrol Air Gas x2mo, ♦o 75 

Ohm, G. S., and Lockwood, T. D. Galvanic Circuit. Translated by 

William Francis. (Science Series No. 102.) x6mo, o 50 

Olsen, J. C. Text-book of Quantitative Chemical Analysis 8vo, *4 00 

Olsson, A. Motor Control, in Turret Turning and Gun Elevating. (U. S. 

Navy Electrical Series, No. x.) x2mo, paper, *o 50 

Oudin, M. A. Standard Polyphase Apparatus and Systems 8vo, *3 00 

Pakes, W. C. C, and Nankivell, A. T. The Science of Hygiene. .8vo, *z 75 

Palaz, A. Industrial Photometry. Trans, by G. W. Patterson, Jr. .. 8vo, *4 00 

Pamely, C. Colliery Manager's Handbook 8vo, *io 00 

Parr, G. D. A. Electrical Engineering Measuring Instruments 8vo, *$ 50 

Parry, E. J. Chemistry of Essential Oils and Artificial Perfumes 8vo, ^s 00 
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Pany, £. J. Foods and Drugs. Two Voluices .'Syo^ 

Vol. L Chemical and Microscopical Analysis of Foods and Drugs. *7 50 

Vol. n. Sale of Food and Drugs Act '^'j 00 

Parry, £. J., and Coste. J. H. Chemistry of Pigments Svo, *4 50 

Parry, L. A. Risk and Dangers of Various Occupations 8vo, *$ 00 

Parshall, H. F., and Hobart, H. M. Armature Windings 4to, ^y 50 

Electric Railway Engineering 4to, *io 00 

Parshall, H. F., and Parry, £. Electrical Equipment of Tramways. . . . (/n Press.) 

Parsons, S. J. Malleable Cast Iron 8vo, *2 50 

Partington, J. R. Higher Mathematics for Chemical Students, .xamo, *2 00 

Passmore, A. C. Technical Terms Used in Architecture 8vo, *3 50 

Paterson, G. W. L. Wiring Calculations i2mo, *2 00 

Patterson, D. The Color Printing of Carpet Yarns 8vo, ^a 50 

Color Matching on Textiles 8vo, *3 00 

The Science of Color Mixing 8vo, *3 00 

Paulding, C. P. Condensation of Steam in Covered and Bare Pipes . 8vo, *2 00 

Transmission of Heat through Cold-storage Insulation i2mo, *i 00 

Payne, D. W. Iron Founders' Handbook {In Press.) 

Peddle, R. A. Engineering and Metallurgical Books i2mo, *i 50 

Peirce, B. System of Analytic Mechanics 4to, 20 00 

Pendred, V. The Railway Locomotive. (Westminster Series.) 8vo, *2 00 

Per kin, F. M. Practical Methods of Inorganic Chemistry i2mo, *i 00 

Perrigo, 0. £. Change Gear Devices ,8vo, i 00 

Perrine, F. A. C. Conductors for Electrical Distribution 8vo, *3 50 

Perry, J. Applied Mechanics 8vo, *2 50 

Petit, G. White Lead and Zinc White Paints 8vo, *i 50 

Petit, R. How to Build an Aeroplane. Trans, by T. O'B. Hubbard, and 

J. H. Ledeboer 8vo, ♦! 50 

Pettit, Lieut J. S. Graphic Processes. (Seience Series No. 76.) . . . x6mo, o 50 
Philbrick, P. H. Beams and Girders. (Science Series No. C8.) . . . x6mo, 

Phillips, J. Engineering Chemistry , 8vo, ^4 50 

Gold Assaying 8vo, *2 50 

Dangerous Goods 8vo, 3 50 

Phin, J. Seven Follies of Science X2mo, *x 25 

Pickworth, C. N. The Indicator Handbook. Two Volumes. . x2mo, each, x 50 

Logarithms for Beginners X2mo. boards, o 50 

The Slide Rule x2mo, x 00 

Plattner*s Manual of Blow-pipe Analysis. Eighth Edition, revised. Trans. 

by H. B. Cornwall 8vo, *4 00 

Plympton, G. W. The Aneroid Barometer. (Science Series No. 35.) i6mo, o 50 

How to become an Engineer. (5>cience Series No. 100.) i6mo, o 50 

Van Nostrand's Table Book. (Science Series No. X04.) x6mo, o 50 

Pochet, M. L. Steam Injectors. Translated from the French. (Science 

Series No. 29.) x6mo, o 50 

Pocket Logarithms to Four Places. (Science Series No. 65.) i6mo, o 50 

leather, x 00 

Polleyn, F. Dressings and Finishings for Textile Fabrics 8vo, *3 00 

Pope, F. L. Modern Practice of the Electric Telegraph 8vo, x 50 

Popplewell, W. C. Elementary Treatise on Heat and Heat Engines. . x2mo, "'3 00 

Prevention of Smoke 8vo, ^3 50 

Strength of Materials 8vo, *x 75 
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Porter, J. R. Helicopter Hying Biachiiie xamo, 

Potter, T. Concrete 8vo, 

Potts, H. E. Chemistry of the Rubber Industry. (Outlines of Indus- 
trial Chemistry) 8vo, 

Practical Compounding of Oils, Tallow and Grease 8vo, 

Practical Iron Founding i2mo, 

Pratt, K. Boiler Draught i2mo. 

Pray, T., Jr. Twenty Years with the Indicator 8vo, 

Steam Tables and Engine Constant 8vo, 

Calorimeter Tables 8vo, 

Preece, W. H. Electric Lamps (In Press.) 

Prelini, C. Earth and Rock Excavation 8vo, 

Graphical Determination of Earth Slopes 8vo, 

Tunneling. New Edition 8vo, 

Dredging. A Practical Treatise 8vo, 

Prescott, A. B. Organic Analysis 8vo, 

Prescott, A. B., and Johnson, O. C. Qualitative Chemical Analysis. . . 8vo, 
Prescott, A. B., and Sullivan, E. C. First Book in Qualitative Chemistry. 

i2mo, 

Prideaux, E. B. R. Problems in Physical Chemistry 8vo, 

Pritchard, 0. G. The Manufacture of Electric-light Carbons. .8vo, paper, 
PuUen, W. W. F. Application of Graphic Methods to the Design of 

Structures i2mo, 

Injectors: Theory, Construction and Working z2mo, 

Pulsifer, W. H. Notes for a History of Lead 8vo, 

Purchase, W. R. Masonry z2mo. 

Putsch, A. Gas and Coal-dust Firing 8vo, 

Pynchon, T. R. Introduction to Chemical Physics 8vo, 

Rafter G. W. Mechanics of Ventilation. (Science Series No. 33.) . i6mo, 

Potable Water. (Science Series No. 103.) i6mc 

— ^ Treatment of Septic Sewage. (Science Series No. xi8.) i6mo 

Rafter, G. W., and Baker, M. N. Sewage Disposal in the United States. 

4to, 

Raikes, H. P. Sewage Disposal Works 8vo, 

Railway Shop Up-to-Date , 4to, 

Ramp, H. M. Foundry Practice (/n Press.) 

Randall, P. M. Quartz Operator's Handbook. i2mo, 

Randau, P. Enamels and Enamelling 8vo, 

Rankine, W. J. M. Applied Mechanics 8vo, 

Civil Engineering 8vo, 

Machinery and Millwork. . . , 8vo, 

The Steam-engine and Other Prime Movers 8vo, 

Useful Rules and Tables 8vo, 

Rankine, W. J. M., and Bamber, £. F. A Mechanical Text-book. . . . 8vo, 
Raphael, F. C. Localization of Faults in Electric Light and Power Mains. 

8vo, 

Rasch, E. Electric Arc Phenomena. Trans, by K. Tomberg .(/n Press.) 

Rathbone, R. L. B. Simple Jewellery 8vo, 

Rateau, A. Flow of Steam through Nozzles and Orifices. Trans, by H. 

B. Brydon .8vo, *i 50 
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Rausenberger, F. The Theory of the Recoil of Guns 8to, *4 50 

Rautenstrauch, W. NotesontheElementsof Machine Design. 8vo, boards, *z 50 
Rautenstrauch, W., kind Williams, J. T. Machine Drafting and Empirical 
Design. 

Part L Machine Drafting 8vo^ *x 25 

Part II. Empirical Design {In Preparation.) 

Raymond, E. B. Alternating Current Engineering i2mo, *2 50 

Rayner, H. Silk Throwing and Waste Silk Spinning 8vo, *2 50 

Recipes for the Color, Paint, Varnish, Oil, Soap and Drysaltery Trades . 8vo, 

Recipes for Flint Glass Making i2mo, 

Redfem, J. B. Bells, Telephones (Installation Manuals Series) i6mo, 

{In Pre88.) 

Redwood, B. Petroleum. (Science Series No. 92.) i6mo, 

Reed's Engineers' Handbook 8yo, 

Key to the Nineteenth Edition of Reed's Engineers' Handbook. .Svo, 

Useful Hints to Sea-going Engineers '. . X2mo, 

Marine Boilers X2mo, 

Guide to the Use of the Slide Valve i2mo, 

Reinhardt, C. W. Lettering for Draftsmen, Engineers, and Students. 

oblong 4to, boardSi x 00 

The Technic of Mechanical Drafting oblong 4to, boards, *i 00 

Reiser, F. Hardening and Tempering of Steel. Trans, by A. Morris and 

H. Robson I2m0| *2 50 

Reiser, N. Faults in the Manufacture of Woolen Goods. Trans, by A. 

Morris and H. Robson 8vo, 

Spinning and Weaving Calculations 8vo, 

Renwick, W. G. Marble and Marble Working 8vo, 

Reynolds, 0., and Idell, F. E. Triple Expansion Engines. (Science 

Series No. 99.) i6mo, 

Rhead, G. F. Simple Structural Woodwork i2mo. 

Rice, J. M., and Johnson, W. W. A New Method of Obtaining the Differ- 
ential of Functions i2mo, 

Richards, W. A., and North, H. B. Manual of Cement Testing i2mo, 

Richardson, J. The Modern Steam Engine 8vo, 

Richardson, S. S. Magnetism and Electricity i2mo, 

Rideal, S. Glue and Glue Testing 8vo, 

Rimmer, E. J. Boiler Explosions, Collapses and Mishaps 8vo, 

Rings, F. Concrete in Theory and Practice i2mo. 

Ripper, W. Course of Instruction in Machine Drawing folio, *6 00 

Roberts, F. C. Figure of the Earth. (Science Series No. 79.) x6mo, 

Roberts, J., Jr. Laboratory Work in Electrical Engineering 8vo, 

Robertson, L. S. Water-tube Boilers 8vo, 

Robinson, J. B. Architectural Composition 8vo, 

Robinson, S. W. Practical Treatise on the Teeth of Wheels. (Science 

Series No. 24.) i6mo, 

Railroad Economics. (Science Series No. 59.) i6mo, 

Wrought Iron Bridge Members. (Science Series No. 60.) i6mo, 

RobsoQ, J. H. Machine Drawing and Sketching 8vo, 

Boebling, J A. Long and Short Span Railway Bridges folio, 

Rogers, A. A Laboratory Guide of Industrial Chemistry x2mo, 

Rogers, A., and Aubert, A. B. Industrial Chemistry 8vo, *5 00 
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Rogers, F. Kagnetism of Iron Vessels. (Science Series No. 30.) . . x6mo, o 50 
Rohlandi P. Colloidal and Cyrstalloidal State of Matter. Tftms. by 

W. J. Britland and H. E. Potts X2mo, *z 25 

Rollins, W. Notes on X-Ligfat 8vo, *5 00 

Rollinson, C. Alphabets Oblong, zamo, *z 00 

Rose, J. The Pattern-makers' Assistant 8vo, 2 50 

Key to Engines and Engine-running Z2mo, 2 50 

Rose, T. K. The Precious Metals. (Westminster Series.) 8vo, ^^2 00 

Rosenhain, W. Glass Manufacture. (Westminster Series.). 8vo, *2 00 

Ross, W. A Plowpipe in Chemistry and Metallurgy x2mo, *2 00 

Rossiter, J. T. Steam Engines. (Westminster Series.). . . .8vo {In Press.) 
Pumps and Pumping Machinery. (Westminster Series.) 8vo, 

(In Press.) 

Roth. Physical Chemistry 8vo, *2 00 

Rouillion, L. The Economics of Manual Training Svo, 2 00 

Rowan, F. J. Practical Physics of the Modem Steam-boiler 8to, *3 00 

Rowan, F. J., and Idell, F. E. Boiler Incrustation and Corrosion. 

(Science Series No. 27.) z6mo, o 50 

Roxburgh, W. General Foundry Practice 8vo, *3 50 

Ruhmer, E. Wireless Telephony. Trans, by J. Erskine-Murray 8vo, *3 50 

Russell, A. Theory of Electric Cables and Networks 8vo, *3 00 

Sabine, R. History and Progress of the Electric Telegraph x2mo, z 25 

Saeltzer A. Treatise on Acoustics X2mo, x 00 

Salomons, D. Electric Light Installations. X2mo. 

Vol. I. The Management of Accumulators 2 50 

Vol. II. Apparatus » 2 25 

VoL m. Applications x 50 

Sanford, P. G. Nitro-ezplosives 8to, ^4 00 

Saunders, C. H. Handbook of Practical Mechanics x6mo, x 00 

leather, z 25 

Saunnier, C. Watchmaker's Handbook i2mo, 3 00 

Sayers^ H. M. Brakes for Tram Cars 8vo, *i 25 

Scheele, C. W. Chemical Essays 8vo, *2 00 

Schellen, H. Magneto-electric and Dynamo-electric Machines 8vo, 5 00 

Scherer, R. Casein. Trans, by C. Salter Svo, *3 00 

Schidrowitz, P. Rubber, Its Production and Industrial Uses 8vo, *5 00 

Schindler, K. Iron and Steel Construction Works i2mo, *x 25 

Schmall, C. N. First Course in Analytic Geometry, Plane and Solid. 

i2mo, half leather, "'i 75 

Schmall, C. N., and Shack, S. M. Elements of Plane Geometry i2mo, '^'i 25 

Schmeer, L. Flow of Water 8vo, *3 00 

Schumann, F. A Manual of Heating and Ventilation X2mo, leather, i 50 

Schwarz, E. H. L. Causal Geology 8vo, *2 50 

Schweizer, V., Distillation of Resins Svo, *s 50 

Scott, W. W. Qualitative Analysis. A Laboratory Manual Svo, *x 50 

Scribner, J. M. Engineers' and Mechanics' Companion . . . i6mo, leather, i 50 

Searle, A. B. Modem Brickmaking Svo, *$ 00 

Searle, G. M. ** Sumners' Method." Condensed and Improved. (Science 

Series No. X24.) x6mo, o 50 

Seaton, A. E. Manual of Marine Engineering Svo, 6 00 
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Seaton, A. £., and Roonthwaite, H. M. Pocket-book of Marine En^eer- 

ing i6mo, leather, 3 00 

Seeligmann, T., Torrilhon, G. L., and Falconnet, H. India Rubber and 

Qutta Percha. Trans, by J. 6. Mcintosh 8vo, 

Seidell, A. Solubilities of Inorganic and Organic Substances Svo, 

Sellew, W. H. Steel Rails 4to {In Press.) 

Senter, 6. Outlines of Physical Chemistry x2mo, 

Textbook of Inorganic Chemistry x2mo, 

Sever, G. F. Electric Engineering Experiments 8vo, boards. 

Sever, G . F. , and To wnsend , F. Laboratory and Factory Tests in Electrical, 

Engineering 8vo, 

Sewall) C. H. Wireless Telegraphy 8vo, 

Lessons in Telegraphy x2mo, 

Sewell, T. Elements of Electrical Engineering 8vo, 

The Construction of Dynamos 8mo, 

Sexton, A. H. Fuel and Refractory Materials x2mo, 

— Chemistry of the Materials of Engineering X2mo, 

Alloys (Non-Ferrous) 8vo, 



- The Metallurgy of Iron and Steel 8vo, 



Seymour, A. Practical Lithography 8vo, 

Modem Printing Inks 8vo, 

Shaw, Henry S. H. Mechanical Integrators. (Science Series No. 83.) 

i6mo, 

Shaw, P. E. Course of Practical Magnetism and Electricity 8vo, 

Shaw, S. History of the Staffordshire Potteries Svo, 

Chemistry of Compounds Used in Porcelain Manufacture Svo, 

Shaw, W. N. Forecasting Weather 8vo, 

Sheldon, S., and Hausmann, E. Direct Current Machines i2mo, 

Alternating Current Machines i2mo, 

Sheldon, S., and Hausmann, E. Electric Traction and Transmission 

Engineering i2mo, 

Sherriff, F. F. Oil Merchants' Manual i2mo, 

Shields, J. E. Notes on Engineering Construction i2mo, 

Shock, W. H. Steam Boilers 4to, half morocco, 

Shreve, S. H. Strength of Bridges and Roofs 8vo, 

Shunk, W. F. The Field Engineer. i2mo, morocco, 

Simmons, W. H., and Appleton, H. A. Handbook of Soap Manufacture. 

8vo, 

Simmons, W. H., and Mitchell, C. A. Edible Fats and Oils 8vo, 

Simms, F. W. The Principles and Practice of Leveling 8vo, 

Practical Tunneling 8vo, 

Simpson, G. The Naval Constructor X2mo, morocco, 

Simpson, W. Foundations 8vo, {In Press.) 

Sinclair, A. Development of the Locomotive Engine . . . 8vo, half leather, 
Twentieth Century Locomotive 8vo, half leather, 

Sindall, R. W., and Bacon, W. N. The Testing of Wood Pulp 8vo, . . *2 50 

Sindall, R. W. Manufacture of Paper. (Westminster Series.) 8vo, 

Sloane, T. O'C. Elementary Electrical Calculations i2mo. 

Smith, C. A. M. Handbook of Testing, MATERIALS 8vo, 

Smith, C. A. M., and Warren, A. G. New Steam Tables 8vo, 

Smith, C. F. Practical Alternating Currents and Testing 8vo, *2 50 
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Smith, C. F. Practicid Testing of Dynamos and Motors 8to, *2 oo 

Smith, F. £. Handbook of General Instruction for Meclianics xamo, z 50 

Smith, J. C. Manufacture of Paint 8vo, *3 00 

Smith, R. H. Principles of Machine Work zamo, ^3 00 

Elements of Machine Work •. . . . zamo, ^2 00 

Smith, W. Chemistry of Hat Manufacturing z2mo, *3 00 

Snell, A. T. Electric Motive Power 8vo, *4 00 

Snow, W. G. Pocketbook of Steam Heating and Ventilation. (In Press.) 
Snow, W. G., and Nolan, T. Ventilation of Buildings. (Science Series 

No. 5.) z6mo, o 50 

Soddy, F. Radioactivity 8vo, ♦3 00 

Solomon, M. Electric Lamps. (Westminster Series.) 8vo, *2 00 

Sothern, J. W. The Marine Steam Turbine 8vo, *5 00 

Southcombe, J. E. Paints, Oils and Varnishes. (Outimes of Indus- 
trial Chemistry.) 8vo, (In Press,) 

Sozhlet, D. H. Dyeing and Staining Marble. Trans, by A. Morris and 

H. Robson 8vo, *2 50 

Spang, H. W. A Practical Treatise on Lightning Protection z2mo, z 00 

Spangenburg, L. Fatigue of Metals. Translated by S. H. Shreve. 

(Science Series No. 23.) z6mo, o 50 

Specht, G. J., Hardy, A. S., McMaster, J.B ., and Walling. Topographical 

Surveying. (Science Series No. 72.) x6mo, o 50 

Speyers, C. L. Text-book of Physical Chemistry 8vo, *2 25 

Stahl, A. W. Transmission of Power. (Science Series No. 28.) . . . z6mo, 

Stahl, A. W., and Woods, A. T. Elementary Mechanism ^2mo, *2 00 

Staley, C, and Pierson, G. S. The Separate System of Sewerage 8vo, *3 00 

Standage, H. C. Leatherworkers' Manual 8vo, *3 50 

Sealing Waxes, Wafers, and Other Adhesives 8vo, *2 00 

Agglutinants of all Kinds for all Purposes z2mo, *3 50 

Stansbie, J. H. Iron and Steel. (Westminster Series.) 8vo, *2 00 

Steadman, F. M. Unit Photography and Actinometry (In Press.) 

Steinman, D. B. Suspension Bridges and Cantilevers. (Science Series 

No. Z27) o 50 

Stevens, H. P. Paper Mill Chemist i6mo, *2 50 

Stevenson, J. L. Blast-Furnace Calculations Z2mo, leather, *2 00 

Stewart, A. Modem Poljrphase Machinery i2mo, *2 00 

Stewart, G. Modern Steam Traps z2mo, *i 25 

Stiles, A. Tables for Field Engineers , z2mo, z 00 

Stillman, P. Steam-engine Indicator z2mo, z 00 

Stodola, A. Steam Turbines. Trans, by L. C. Loewenstein 8vo, *5 00 

Stone, H. The Timbers of Commerce 8vo, 3 50 

Stone, Gen. R. New Roads and Road Laws. Z2mo, z 00 

Stopes, M. Ancient Plants 8vo, *2 00 

- — The Study of Plant Life 8vo, ♦a 00 

Stumpf, Prof. Una-Flow of Steam Engine 4to, *3 50 

Sudborough, J. J., and James, T. C. Practical Organic Chemistry. . Z2mo, *2 00 

Suffling, E. R. Treatise on the Art of Glass Painting 8vo, *3 50 

Suggate, A. Elements of Engineering Estimating z2mo. 

Swan, K. Patents, Designs and Trade Marks. (Westminster Series.). 

8vo, *2 00 

Sweet, S. H. Special Report on Coal. 8vo, 3 00 
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Swinburne, J., Wordingham, C. H., and ICartin, T. C. Elatcrlc Currents. 

(Science Series No. Z09.) z6mo, o 50 

Swoope, C. W. Practical Lessons in Electricity zamo, *3 00 

Tailfer, L. Bleaching Linen and Cotton Yarn and Fabrics 8vo, *5 00 

Tate, J. S. Surcharged and Different Forms of Retaining-walls. (Science 

Series No. 7.) z6mo, o 50 

Taylor, E. N. Small Water Supplies lamo, *2 00 

Templeton, W. Practical Mechanic's Workshop Companion. 

z2mo, morocco, 2 00 
Terry, H. L. India Rubber and its Manufacture. (Westminster Series.) 

8vo, *2 00 
Thayer, H. R. Structural Design. 8vo. 

Vol. I. Elements of Structural Design *2 00 

VoL IL Design of Simple Structures (/n Preparation.) 

Vol. m. Design of Advanced Structures ,(In Preparation,) 

Thiess, J. B. and Joy, G. A. Toll Telephone Practice 8vo, ^3 50 

Thom, C, and Jones, W. H. Telegraphic Connections oblong z2mo, z 50 

Thomas, C. W. Paper-makers' Handbook {In Press.) 

Thompson, A. B. Oil Fields of Russia 4to, *7 50 

Petroleum Mining and Oil Field Development 8vo, *5 00 

Thompson, E. P. How to Make Inventions 8vo, 50 

Thompson, S. P. Dynamo Electric Machines. (Science Series No. 75.) 

i6mo, 50 

Thompson, W. P. Handbook of Patent Law of All Countries z6mo, z 50 

Thomson, G. S. Milk and Cream Testing i2mo, *i 75 

Modem Sanitary Engineering, House Drainage, etc 8vo, ^3 00 

Thornley, T. Cotton Combing Machines 8vo, *3 00 

Cotton Spinning. 8vo. 

First Year *x 50 

Second Year *2 go 

Third Year *2 so 

Thurso, J. W. Modem Turbine Practice 8vo, *4 00 

Tidy, C. Meymott. Treatment of Sewage. (Science Series No. 94.). i6mo, o 50 

Tinney, W. H. Gold-mining Machinery 8vo, ^3 00 

Titherley, A. W. Laboratory Course of Organic Chemistry 8vo, *2 00 

Toch, M. Chemistry and Technology of Mixed Paints 8vo, *3 00 

Materiab for Permanent Painting X2mo, *2 00 

Todd, J., and Whall, W. B. Practical Seamanship Svo, *y 50 

Tonge, J. Coal. (Westminster Series.) Svo, *2 00 

Townsend, F. Alternating Current Engineering Svo, boards *o 75 

Townsend, J. Ionization of Gases by Collision Svo, *z 25 

Transactions of the American Institute of Chemical Engineers. Svo. 

Vol. I. ZQoS ♦a 00 

Vol. n. 1909 *6 00 

VoL HI. Z910 ♦600 

VoL IV. 19x1 *6 00 

Traverse Tables. (Science Series No. zzs.) z6mo, o 50 

morocco, z 00 
Trinks, W., and Housum, C. Shaft Governors. (Science Series No. Z22.) 

z6mo, o 50 
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Trowbridge, W. P. Turbine Wheels. (Science Series No. 44.) z6mo, 

Tuclcer, J. H. A Manual of Sugar Analjrsis 8to, 

Tumlirz, 0. PotentiaL Trans, by D. Robertson Z2mo, 

Tunner, P. A. Treatise on Roll-turning. Trans, by J. B. Pearse. 

Svo, text and folio atlas, 

Turba]me, A. A. Alphabets and Numerals 4to, 

TurnbuU, Jr., J., and Robinson, S. W. A Treatise on the Compound 

Steam-engine, (Science Series No. 8.) i6mo, 

Turrill, S. M. Elementary Course in Perspective z2mo, *z 2$ 

Underhill, C. R. Solenoids, Electromagnets and Electromagnetic Wind- 
ings Z2mo, 

Universal Telegraph Cipher Code Z2mo, 

Urquhart, J. W. Electric Light Fitting zamo, 

Electro-plating Z2mo, 

Electrotyping zamo, 

Electric Ship Lighting Z2mo, 

Usbome, P. O. G. Design of Simple Steel Bridges 8vo, 

Vacher, F. Food Inspector's Handbook z2mo, 

Van Nostrand's Chemical Annual. Second issue Z909 z2mo, 

Year Book of Mechanical Engineering Data. First issue zgza . . . (/n Press.) 

Van Wagenen, T. F. Manual of Hydraulic Iftining i6mo, 

Vega, Baron Von. Logarithmic Tables 8vo, half morocco, 

Villon, A. M. . Practical Treatise on the Leather Industry. Trans, by F. 

T. Addyman 8vo, 

Vincent, C. Anunonia and its Compounds. Trans, by M. J. Salter . . 8vo, 

Volk, C. Haulage and Winding Appliances 8vo, 

Von Georgievics, G. Chemical Technology of Textile Fibres. Trans, by 

C. Salter 8vo, 

Chemistry of Dyestuffs. Trans, by C. Salter 8vo, 

Vose, G. L. Graphic Method for Sol7in(j Certain Questions in Arithmetic 

and Algebra. (Science Series No. z6.) z6mo, 

Wabner, R. Ventilation in Mines. Trans, by C. Salter 8vo, 

Wade, £. J. Secondary Batteries 8vo, 

Wadmore, T. M. Elementary Chemical Theory zamot 

Wadsworth, C. Primary Battery Ignition i2mo, 

Wagner, E. Preserving Fruits, Vegetables, and Meat i2mo, 

Waldram, P. J. Principles of Structural Mechanics z2mo. 

Walker, F. Aerial Navigation 8vo, 

Dynamo Building. (Science Series No. 98.) z6mo, 

Electric Lighting for Marine Engineers 8vo, 

Walker, S. F. Steam Boilers, Engines and Turbines 8vo, 

Refrigeration, Heating and Ventilation on Shipboard Z2mo, 

Electricity in Mining 8vo, 

Walker, W. H. Screw Propulsion 8vo, 

Wallis-Tayler, A. J. Bearings and Lubrication. 8vo, 

Aerial or Wire Ropeways 8vo, 

— Modern Cycles 8vo, 

Motor Cars 8vo, 

— ~ Motor Vehicles for Business Purposes 8vo, 
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Wallis-Tayler, A. J. Pocket Book of Refrigeration and I6e Making . z 2mo, 

Refrigeration, Cold Storage and .Ice-liaking. 8vo, 

Sugar Machinery z2mo, 

Wanklyn, J. A. Water Analysis xsmo, 

Wansbrough, W. D. The A B C of the Differential Calculus Z2mo, 

Slide Valves zamo, 

Ward, J. H. Steam for the Million 8vo, 

Waring, Jr., G. £• Sanitary Conditions. (Science Series No. 3z.) . . z6mo, 

Sewerage and Land Drainage *6 oo 

Waring, Jr., G. £. Modern Methods of Sewage Disposal zimo, 

How to Drain a House lamo, 

Warren, F. D. Handbook on Reinforced Concrete Z2mo, 

Watkins, A. Photography. (Westminster Series.) 8vo, 

Watson, £. P. Small Engines and Boilers z2mo. 

Watt, A. Electro-plating and Electro-refining of Metals 8vo, 

Electro-metallurgy z2mo, 

— The Art of Soap-making 8vo, 

Leather Manufacture 8vo, 

— Paper-Maldng 8vo, 

Weale, J. Dictionary of Terms Used in Architecture z2mo, 

Weale's Scientific and Technical Series. (Complete list sent on applica- 
tion.) 

Weather and Weather Instruments z2mo, 

paper, 
Webb, H. L. Guide to the Testing of Insulated Wires and Cables. . Z2mo, 

Webber, W. H. Y. Town Gas. (Westminster Series.) 8vo, 

Weisbach, J. A Manual of Theoretical Mechanics 8vo, 

sheep, 
Weisbach, J., and Herrmann, G. Mechanics of Air Machinery 8vo, 

Welch, W. Correct Lettering (In Press.) 

Weston, E. B. Loss of Head Due to Friction of Water in Pipes . . . i2mo, 
Weymouth, F. M. Drum Armatures and Commutators Svo, 

Wheatley, O. Ornamental Cement Work (In Press.) 

Wheeler, J. B. Art of War Z2mo, 

Field Fortifications Z2mo, 

Whipple, S. An Elementary and Practical Treatise on Bridge Building. 

8vo, 

White, A. T. Toothed Gearing z2mo, 

Whithard, P. Illuminating and Missal Painting Z2mo, 

Wilcox, R. M. Cantilever Bridges. (Science Series No. 25.) z6mo, 

Wilda, H. Steam Turbines. Trans, by C. Salter z2mo, 

Wilkinson, H. D. Submarine Cable Laying and Repairing 8vo, *6 00 

Williams, A. D., Jr., and Hutchinson, R. W. The Steam Turbine (In Press.) 

Williamson, J., and Blackadder, H. Surveying 8vo, (In Press.) 

Williamson, R. S. On the Use of the Barometer 4to, z5 00 

Practical Tables in Meteorology and Hypsometery 4 to, 2 50 

Willson, F. N. Theoretical and Practical Graphics 4to, *4 00 

Wilson, F. J., and Heilbron, I. M. Chemical Theory and Calculations. 

i2mo, *z 00 

Wimperis, H. E. Internal Combustion Engine 8vo, *$ 00 

Primer of Internal Combustion Engine Z2mo, *z 00 
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WincheU, N. H., and A. R. Elements of Optical Mineralogy 8vo, *3 50 

Winkler, C, and Lunge, G. Handbook of Technical Gas-Analysis. . .8vo, 4 00 

Winslow, A. Stadia Surveying. (Science Series No. 77.) x6mo, 50 

Wisser, Lieut. J. P. Ezplosive Materials. (Science Series No. 70.). 

i6mo, 50 

Wisser, Lieut. J. P. Modem Gun Cotton. (Science Series No. 89.) x6mo, 050 

Wood, De V. Luminiferous Aether. (Science Series No. 85.) i6mo, o 50 

Woodbury, D. V. Elements of Stability in the Well-proportioned Arch. 

8vo, half morocco, 4 00 

Worden, E. C. The Nitrocellulose Industry. Two Volumes Svo, *zo 00 

— r- Cellulose Acetate Svo, (In Press.) 

Wright, A. C. Analysis of Oils and Allied Substances .8vo, *3 50 

; Simple Method for Testing Painters* Materials Svo, *2 50 

Wright, F. W. Design of a Condensing Plant i2mo, *z 50 

Wright, H. E. Handy Book for Brewers Svo, *5 00 

Wright, J. Testing, Fault Finding, etc., for Wiremen. (Installation 

Manuals Series.) z6mo, *o 50 

Wright, T. W. Elements of Mechanics Svo, *2 50 

Wright, T. W., and Hayford, J. F. Adjustment of Observations. Svo, *3 00 

Young, J. £• Electrical Testing for Telegraph Engineers Svo, *4 00 

Zahner, R. Transmission of Power. (Science Series No. 40.) .... zCmp, 

Zeidler, J., and Lustgarten, J. Electric Arc Lamps Svo, *a 00 

Zeuner, A. Technical Thermodynamics. Trans, by J. F. Klein. Two 

Volumes Svo, *8 00 

Zimmer, G. F. Mechanical Handling of Material 4to, *zo 00 

Zipser, J. Textile Raw Materials. Trans, by C. Salter Svo, *5 00 

Zur Nedden, F. Engineering Workshop Machines and Processes. Trans. 

by J. A. Davenport Svo *2 00 



D.Van Nostrand Company 

are prepared to supply, either from 

their complete stock or at 

short notice, 

Any Technical or 

Scientific Book 



In addition to publishing a very large 
and varied number of Scientific and 
Engineering Books, D.Van Nostrand 
Company have on hand the largest 
assortment in the United States of such 
books issued by American and foreign 
publishers. 



All inquiries are cheerfully and care- 
fully answered and complete catalogs 
sent free on request. 



25 Park Place 



New York 



